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In 1933 Blair and Erlanger demonstrated that the recorded spike heights 
of axone potentials from a phalangeal nerve preparation of the frog 
varied as their rate of conduction. On the assumption that the intrinsic 
potential is independent of fibre size the recorded spike heights vary as 
the diameters squared. Their result offers the possibility of computing the 
relative rate of axone potentials recorded from sensory nerves in response ~ 
to various stimuli applied to their receptors. Such a procedure was 
adopted in some recent investigations on the lingual nerve [Zotterman, 
1936]. The present research was started in order to study the response of 
the thinnest afferent fibres to various stimuli applied to the skin. 

When records of axone potentials from the thinnest nerve fibres had 
been obtained attempts were made to measure their rate of conduction 
directly. This was possible for fibres conducting at rates down to 10 m./ 
sec, Slower potentials than these, however, could not be measured. 
Although direct measurements of the slowest rates have not yet been 
made, the present data concerning the larger fibres provide some fixed 
points for the correlation of results from different experiments. 


TECHNIQUE AND PROCEDURE 


In order to obtain a complete picture of all the fibres engaged in the response to various 
stimuli it is necessary to work on very thin nerve branches. Suitable nerve preparations 
can be made from branches of the saphenous nerve of the cat, which are easily found and 
from which preparations can be made of less than 0-1 mm. diameter, including the sheath. 
Such a preparation usually supplies an area of the size of a penny, and contains roughly 
about 100 fibres of various size from 1 to 154. (see Table II). These very slender prepara- 
tions can be obtained to a length of a few centimetres. They must, however, be very care- 
fully handled as they are liable to mechanical damage as well as to drying. Although the 
preparation is placed in a shielded, moist chamber kept at 35-37° C., it must not be exposed 
to the air, except for very short intervals when recording. 
In making these ékin-nerve preparations the nerve is first roughly cut free from sur- 
rounding tissues. It is then lifted up and a piece of black paper, previously soaked in 
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Ringer for a day or two, is pushed under the nerve, the paper forming 4 good background to 
the small white nerve. The connective tissues can then be cut away and the nerve branch 
_ jiberated from short-circuiting tissues as much as possible. The thin sheath of such a nerve — 
branch can also be pulled off like a stocking, but that procedure may easily cause damage to 
some fibres, and most of the recent experiments have been made on nerve preparations 
with the sheath intact, Such preparations survive longer, as they are less liable to drying 
and to mechanical damage. A good preparation of this kind can be worked upon for hours. 
When the sheath is left there may be as observed by Adrian [1931] spontaneous activity of 
nerve fibres, which ceases when the sheath is pulled off. These impulses start, as was stated 
by Adrian, at the cut ends of the nerve branches. Wherever the sheath is damaged, especi- 
ally where branches are cut off, spontaneous impulses are set up. By moving the electrodes 
along the preparations it is easy to locate their place of origin from the change in the 
diphasic potential. These spontaneous axone potentials have usually a height of spike 
indicating a rate of conduction of about 30 m./sec., and in a few cases they were found to 
reach the same spike height as that of the largest axone potentials observed in response to 
deformation of the skin. As Adrian stated, these potentials are best seen in preparations 
from thicker nerve branches, 0-2-1 mm., where the sheath is well developed. In thinner 
preparations the spontaneous potentials are usually very frequent or absent, but arise when 
the preparation is drying. They thus give warning that the preparation has to be irrigated. 
In the thinnest preparations obtained the largest axone potentials led off could reach spike 
voltages of a few millivolts. 

In such a preparation, the high resistance between the electrodes may give rise to dis- 
tortion when it reaches values which approach or surpass the capacity reactance of the 
input circuit of the amplifier [Zotterman, 1936]. The objection can be made to the use of the 


formula + [Zotterman, 1936], as it is strictly valid only for sinusoidal 


potential changes. Considering, however, the axone potential as a constantly recurring 
tension of triangular shape it is permissible to solve it by a Fourier series. The proper 
mathematical treatment of the problem is very elaborate. Since in practice it is difficult 
to reduce this reactance below a certain value (C;=100ypF.), a distortion may easily be 
introduced which tends to reduce the spike heights of the potentials containing the highest 
frequencies. This distortion can be counteracted to a certain extent by reducing the distance 
between the electrodes. Such a procedure tends in itself to reduce the spike height when 
leading off diphasically because the phases interfere. When leading off monophasically, 
however, the distance can be reduced to a few millimetres giving a favourable signal/noise 
ratio. Fortunately the axone potentials do not contain any important number of very high 
frequencies, By introducing a filter in the amplifier which cut off frequencies below 3600 it 
was found that the highest and fastest conducted spike heights were reduced to 5 %. Thus 
the usual capacity of the input circuit of approximately 100 upF. will not create any im- 
portant distortion of the fastest potentials unless the resistance offered by the nerves 
between the electrodes exceeds 3 x 10° Q. Re 

As the highest frequencies taking part in building up the spike potentials vary according 
to the speed of conduction, the distortion introduced will, in the first instance, reduce the 
spike height of the fastest conducted potentials, leaving the small and slowly conducted 
potentials relatively undistorted. It will thus tend to diminish the ratio between the largest 
and the smallest spike heights. Other distortions due to non-linearity in amplification and 
in the excursion of the electron oscillograph are easily detected, and can be avoided, or 
accounted for, by careful calibration of the apparatus. 

The shape of the diphasic axone potential varies with the distance between the leads. 
The shorter the distance is between the electrodes the more the two phases will interfere, 
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resulting in a reduction of the spike heights. As the product of the crest time and the rate of 
conduction is a constant, according to Blair & Erlanger [1933] the length of the nerve sub- 
tended to the potential developed in a fibre is constant for all fibres. In a few records of 
axone potentials travelling at rates of about 12-5 m./sec. and of about 50 m./sec., the crest 
times were found to vary as the spike heights (Fig. 1). The length of the fibre occupied by 
the rising negative potential would thus be constant in all fibres and seems to be about 

6 mm. | 


A, at low speed; B, at high speed. Time 1/50 sec. 


If for the sake of simplicity we assume that the axone potential has a triangular shape of 
a total duration (A7’) of three crest times, it is evident that the height of the negative phase 
will not be reduced until the distance between the electrodes reaches the value of the length 
of the fibre subtended to the rising potential front. The positive phase will now be reduced 
to about half that value. As the distance between the electrodes further diminishes, the 
negative phase is more and more reduced. When attempting to obtain diphasic records of 
the slowest axon potentials the distance between the electrodes shall not be reduced below 
the value v x C7’, i.e. about 6 mm. (v is the rate of conduction; C7 is the crest time). 
_ The signal/noise ratio is given by the equation 


[Zotterman, 1936]. The voltage V produced by an axone potential across the electrodes is 
dependent upon the ratio V/E = R,/(R, + R,), where £ is the intrinsic potential developed in 
the axone, R, is the resistance of the axone between the electrodes, and R, that of the other 
parte of the nerve preparation and the moisture on its surface for the length between the 
electrodes. As the noise varies with the square root of the resistance, R,R,/(R, + R,), 
offered by the nerve between the electrodes, it is obvious that the signal/noise ratio as far 
as concerns the recording of the diphasic axone potential reaches an optimum when the 
electrodes are placed at the distance V x C7’, which apparently is constant for all fibres and 
can be estimated to about 6 mm. In order to obtain a true record of the axone potential 
from the proximal lead on the afferent nerve, the interelectrode distance must naturally 
exceed the product of v x 47’, which implies a reduction in the signal/noise ratio according 
to the ratio +/(0T/AT). These calculations are based on the assumption that the nerve is of 
constant diameter between the electrodes. When attempting to record the axone potentials 
‘from the finest fibres it is necessarv to reduce the resistance between the electrodes as much 
1—2 
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as ble. When recording diphasically the optimum distance is »v x CT’, but when miono- 
whether all the fibres at the distal lead are equally polarized. In order to obtain monophasic 
leads I have crushed the nerve by tying a knot of thin silk (no. 000) at a suitable point on 
the nerve, which had previously been conducting. The grid electrode was placed on the 
nerve just above the knot and the earthed electrode as close as possible below it, without 
reducing the largest spike heights. By this procedure very good monophasic records of the 
larger axone potentials can often be obtained. The smallest axone potentials, 1/20 of that of 
the largest seen on the record, mostly disclosed an irregular diphasic shape. Blair & 
Erlanger [1933] and Erlanger & Gasser [1937] also report that all the slowest spikes recorded 
from thin nerve preparations of frog were diphasic. : 


Diameter p | 
1234 5 6 8 910 12 13 14 


40 50 60 +70 
Rate of conduction m/sec. 


Fig. 2. Diagram showing the relation between spike height, rate of conduction of axone 
potential, and diameter of the nerve fibre. 


_ This diphasicity could be explained as due to branching, and it is quite possible that this 
occurs often, but that all the fibres should branch between the electrodes when the distance 
between the electrodes is short seems unlikely.. There are, however, some other facts which 


might elucidate this phenomenon. Accepting the theory of Blair & Erlanger [1934] of a — 


saltatory conduction in the nerve fibre it is evident that the spike is built up by temporal 
summation of segment potentials. Since the segment lengths seem to vary as the diameters 
[Key & Retzius, 1876] it is evident that the distance from the depolarized damaged point 
to the nearest polarized point of a fibre should vary as the diameter of the fibres, if we 
assume that the crushing depolarized only the severed segment. In the freshly cut nerve the 
thinnest fibres would thus be conducting much closer to the damaged point than the larger 
fibres. When one electrode is placed on the damaged point of the nerve, and the other is 
placed at a distance corresponding to one segment of the largest fibres, the thinner fibres 
might thus show a more or less conspicuous positive phase due to the spread of the potential 
change from the node of the fibre segments polarized close to the seat of damage. 

In the frog a fibre of 3. has @ segment length of about 0-3 mm., whereas in a 15. 
fibre the segments aré about 15mm. In mammalian fibres the corresponding segment 
Jengths seem to be of about half these values. Thus a slight diphasity of the thinnest fibres 
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ean easily be explained on these assumptions. By placing the proximal electrode at a 


distance above the damaged point which is equal to the distance between the knot and the 
distal electrode on the undamaged nerve, all potentials should display monophasic spikes. 
This is the case except for a few of the slow spikes then recorded, but as this arrangement 
of the electrodes reduces the signal/noise ratio it cannot be used for tracing the slowest 
potentials. 

Since the thin nerve preparations are so sensitive to drying, they must not be exposed to 
air even in the moist chamber for longer periods than necessary for recording. When the 
nerve is pulled up from the Ringer solution the moist film covering it starts to evaporate. 
This increases the resistance of the nerve between the electrodes, and will thus increase the 
signal/noise ratio, which so far is favourable. But the change of this ratio involves the 
disadvantage that the recorded spike heights can be compared only for short intervals. 
When, for example, the heights of the spikes produced by a pin prick are to be compared 
to the spike heights of the potentials elicited by touch, the two stimuli must be applied at 
short intervals and recorded in one sequence. When computing the records taken at longer 
intervals or from different nerves the ratio of the spike heights of the largest potentials 
recorded was first used as a coefficient to reduce the spikes to the same scale. It was found, 
however, that the best method was to take the ratio between the heights of the smaller 
separate spikes produced in great numbers by gentle touching. They are always present in 
the response to all mechanical stimuli of the skin. The use of these axone potentials as a 
standard thus depends upon the following: (a) they are easily recognized since their spike 
heights always form a definite group, (b) their rate of conduction has been measured directly 
in a large number of experiments and was found fairly constant, (c) they can be elicited 
from a larger area of the skin than can the larger spikes. 


RELATIVE SPIKE HEIGHTS OF AXONE POTENTIALS 
SET UP BY VARIOUS STIMULI 


Touch 


The responses of the nerve fibres to mechanical stimuli, touch and 
pressure, although investigated previously by several authors, are not 
yet completely understood. The well-known experience that a light 
touch produces different sensations in different parts of the skin, and that 
quantitative changes in the strength of a mechanical stimulus produce 
very definite qualitative changes in the sensation must depend upon 
different nerve mechanisms. Thus the sensations that are generally 
spoken of as touch cannot be due to a simple mechanism, but must be of a 
heterogeneous nature. The sensations experienced from the palm of the 
hand when a finger-tip is pressing on it are of a quite different character 
from the tickling and faintly itching sensation experienced when the 
finger-tip passes very gently over the skin. The tickling or the itching 
sensation which outlasts the actual mechanical stimulation is a very 
characteristic phenomenon, which has been analysed introspectively by 
various investigators, and the general opinion adopted is that tickling 
should be assigned to the sense of touch, while the itching corresponds 
to a low activity of “pain” fibres. : | | 
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- Adrian & Zotterman [1926] observed that the axone potentials set up 


by touch and pressure in the branch of the digital nerves of the cat had 
varying spike heights. The rather imperfect technique of that time did not 
permit closer analysis of the individual fibre response. Adrian [1930], 
recording the axone potentials from the ulnar and median nerve of cat, 
found that touch or rather movements of the hairs elicited not only large 
and rapidly conducting potentials but a smaller type of potential, 


travelling at about 15-20 m./sec. This smaller type of axone potential — 


could be elicited from a much wider area than the large type. In a recent 
paper [Zotterman, 1937] it was also shown that pulling and twisting the 
hairs gave rise to potentials of very different spike heights and rates of 
conduction. The present investigation was made in order to get more 
definite information about the fibres a to mechanical and 
noxious stimuli:to the skin. 

Stroking. The axone potentials elicited re stroking the skin firmly 
with the édge of a round ‘wooded ini 1-5 mm. in diameter can be seen in 


‘Fig. 3. To be read from right to left. 
| B, from the same record 3 sec. later; C, light burning. Time 1/50 sec. 


Fig. 3 A. These potentials arise from a very slender nerve preparation 
and the response consists of axone potentials of very different spike 
heights. Since there is a linear relation between spike height and rate of 
conduction of the fibres [Blair & Erlanger, 1933; Zotterman, 1937] and 
assuming that the spike heights vary with the squares of the diameters of 
the fibres, it follows that a firm stroke excites fibres of very different 
dimensions. An interesting fact is that these records from very slender 
preparations show that the largest number of axone potentials elicited by 
such a stimulus have relatively low spike heights and that there is an 
after-discharge of small axone potentials, which gradually decrease in 
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frequency for a few seconds after withdrawal of the stimulus. The 
relative spike heights from a typical monophasic record are given in 
_ Fig. 8D. From this it will be seen that the spike heights vary from 1 to 
25. The spikes which appear while actually stroking the skin are plotted 
in on the diagram as rings, while the spikes observed in the after-dis- 
charge are represented by dots. From the records and the diagram it is 
seen that the after-discharge consists of low spikes. It is also obvious 
that the spikes forming the after-discharge fall, according to their 
heights, into two definite groups, one showing a maximum of distribution 
around a relative value of 3, whereas the larger spikes group around a 
height of 12. The larger spikes seen when stroking show a very wide 
distribution of heights up to values of about 60. Some records display 
quite distinct grouping of these larger spikes, but usually, when stroking, 
they seem to vary widely in height. The spike heights have been measured _ 
by means of a ballopticon, which projects the records in tenfold magnifi- 
. cation on a screen. These measurements could not be made with an 
accuracy greater than 1 mm., which means that the error of the largest 
spikes (about 20 mm. on the records) is small but it is large for the 
smallest spikes. When the height of the smallest. spikes is less than 
0-5 mm. on the record it is impossible to measure them since they are too 
much masked by the noise. The smallest spikes although seen on the 
record have not been included in the diagrams. ‘ 

The small spikes designated c in the figures and diagrams can be seen 
only when leading off from very slender branches of the nerve offering a 
high signal/noise ratio. In thicker preparations the after-discharge is 
much less conspicuous as it consists entirely of a limited number of spikes 
disclosing the characteristic features of fibres grouping around a relative — 
spike height of 12. The smallest spikes are entirely masked by the noise. 

When stroking the skin firmly in the same trace twice a second the 
after-discharges of each stroke add together, producing summated 
potential waves as in Fig. 6. Often these potentials occur in regular 
rhythms for short intervals at the height of the response. This period of 
regular waves is followed by more irregular potentials, and as their 
frequency falls isolated potentials can be seen. These small spikes may 
persist for many seconds. 

Very light touch. When the hairs are touched very lightly by moving 
the finest wisp of cotton-wool over them, the records show a character- 
istic change, as will be seen in Fig. 4 A. The relative spike heights in these 
records are given in Fig. 9. Fig. 4 A shows that the group of the largest 
‘spikes is entirely absent. It is thus obvious that the large spikes arise 


| ag 
ah 
By. 
¥ 
4 
i 
¥ 
a 
A 
an 
a 
Ph 
4 


> 


Fig. 4. All strips from one record; to be read from the right. A, shows the response of 5, 
fibres alone to a very light touch with cotton-wool; B, the end of a firm stroke; C, a 
needle prick; D, 4 sec. later, ee 
skin. Time 1/50 sec. - ee 


Fig. 5. To be read from the right. A, shows at the right the end of a firm stroke, at the 
left side the beginning of the after-discharge; B, the response to a needle prick; the 
prick is signalled by large £ potentials intermingled by 8, and 8, potentials. The 


potentials, at the left of the record C potentials are seen; (, the same preparation 
three seconds later showing CO potentials at irregular frequencies. All strips from one 
continuous record: the interval between A and B was 6 sec. Time 1/50 sec. 


, discharge of 8 spikes is of very short duration, followed by a very massive resp 
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from fibres, of which the endings need a somewhat stronger stimulus than 
the endings of the fibres, which produce the smaller spikes 5,. The smaflest 
spikes C, in the after-discharge following a firm stroke (Fig. 3 A and B, 
and Fig. 5 A), may also appear in response to a very gentle touch, 
especially when the stimulus is repeated with short intervals. In such 
cases they forma weak after-discharge,-which is very well heard from the 
_ loudspeaker as the low frequencies building up the spike of these po- 
tentials give rise to sounds reminiscent of distant kettle-drums. The 
_ spikes designated 5, do not always appear in the after-discharge to firm 
stroking. When the fur is moistened they may be quite absent, or are 
much reduced in number. The same effect is often produced by a previous 
rubbing of the skin. When the skin is left at rest for 10-20 min., the 8, 
potentials often reappear in the after-discharge. 

The complex response to stroking naturally raises the. question 
whether the different groups of spikes are derived from groups of fibres — 
with different sensory functions. There is little doubt that this must be 
so, but discussion will be made in relation to responses to noxious stimuli. 


Pain 

From measurements of the reaction time to a needle prick on the 
back of the hand, during the development of differential anaesthesia 
following the arrest of blood circulation to the arm, it was shown that 
when the tactile nerves were blocked the reaction time increased to 
values of the same order as those found by Thunberg [1898, 1901] for 
the “second pain” sensation [Zotterman, 1933]. This coincidence, to- 
gether with the fact that no axone potentials from mammalian nerves 
had been recorded hitherto which could be related to burning pain, led to 
the assumption that pain, or rather “burning” pain, must be mediated 
by very thin nerve fibres of very slow conduction, which might range 
down to the rates of the fibres contributing to the C elevation of the 
electroneurogram of Erlanger & Gasser. The delay of the “second pain”’ 
should thus be due to the very slow rate of conduction of certain 
fibres, 

Alrutz [1901] was the first to suggest that delayed pain (Thunberg’s 
“second pain”) was due to the activity of fibres other than those 
responsible for the “first pain” sensation. The irradiating and itching 
character of the delayed pain in contrast to the well-localized “first 
pricking pain sensation”, led him to assume that different fibres of 
different specific energies were concerned in these phenomena. At that 
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time there were no direct’ data concerning the rate of conduction of 
afferent fibres. All nerves were believed to conduct at the same rate. It is 
therefore only natural that the difference in reaction time was related to a 
different latency of the receptor and its nerve fibre. 

Recently Clark, Hughes & Gasser [1936] have provided strong evi- 
dence for the view that the C class contains afferent fibres which when 
excited induce nociceptive reactions in the cat. They found that electric 
stimulation of the cat’s saphenous nerve induced great effects upon 
respiration and blood pressure when all 4 and B fibres were blocked by 
asphyxia or pressure, and that in that case, the effect was much greater 
_ than when the A and B fibres were conducting, but the C fibres were 
blocked. They also draw attention to the close parallel in time relations 
between the disappearance of sensations in man during asphyxial nerve 
block and the disappearance of the A, B and C elevations in the electro- 
neurogram of the cat’s saphenous nerve during a similar block. 

Lewis & Pochin [1938] have advanced an identical interpretation of 
the second pain phenomenon upon much the same evidence as provided 
by me in 1933. Pochin [1938] has also shown that the delayed reaction to 
pain found in cases of tabes dorsalis is due not to an abnormal slowing of 
impulses in some diseased region, but to a defect in one group of pain 
fibres which conduct rapidly, revealing the effects of a group which 
conduct-slowly. 

‘Although several workers have tried to record the axone potentials of 
the specific fibres responsible for pain in mammalian nerves, our know- 
ledge is still scanty. A few years ago it was shown that noxious stimuli 
applied to the tongue elicited axone potentials of very small spike heights 
and of a configuration which indicated a slow conduction [Zotterman, 
1936}. 

Burning. In a previous investigation of the axone potentials elicited 
from mammalian cutaneous nerves by noxious stimuli [Zotterman, 
1933], radiating heat was used in order to exclude any mechanical stimu- 
lation of the nerve endings of the skin, In the present investigation a 
burning stimulus was applied to a circumscribed point of the skin by 
means of a simple apparatus used by v. Frey to stimulate isolated heat 
_ and pain spots. It consists of a double-armed lever. To the end of one of 
the arms is fixed a platinum loop on which is melted a small bead of glass. 
The bead rests on the skin with a pressure so adjusted that only rapidly 
adapting organs are stimulated. The bead thus eventually rests.on the 
skin without eliciting any axone potentials. It is then heated by passing 
an electric current through the platinum loop. The record (Fig. 3 wa 
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contains only axone potentials of lower spike heights, chiefly those 
belonging to the smallest group. The relative spike heights are given in 
Fig. 8 E, and for comparison a diagram of the relative spike heights of the 
axone potentials led off from the same nerve preparation a few seconds 
earlier when applying a stroke is given in Fig. 8 D. Similar records have 
_ been obtained consistently in more than thirty preparations from twenty 
‘eats. They thus confirm the opinion expressed previously [Zotterman, 
1933, 1936] that: the fibres responding to pure noxious stimuli (when 
avoiding mechanical deformation of the skin) are of small dimensions, the 
recorded amplitudes of their axone potentials being relatively very low. 
Very similar pictures are obtained by etching the skin with acids. Pinch- 
ing the skin gives rise to the same small potentials, but intermingled with 
potentials of larger spike heights.” 
Needle prick. To study the effect of a pin prick the platinum loop in the 
v. Frey apparatus was replaced by a sewing needle which was allowed to 
fall suddenly from a height of 5mm. upon the skin. The deformation 
caused by the needle gives rise to a rapid outburst of large potentials 
(Figs. 4C and 5 B) followed by very small potentials which gradually 
decrease in frequency but are seen for several seconds (Figs. 4D and 
5 C). When the needle is pulled up again there is another volley of large 
potentials followed by a gradually decreasing number of very low 
potentials. These records, where obtained from a very slender prepara- 
tion, most likely reveal the total activity of the fibres produced by the 
prick. They show the sudden response of large fibres to the deformation 
of the skin as well as-the response of very small fibres which continue to 
signal, although with decreasing frequency, while the needle is resting 
upon or within the skin. A stronger pressure on the needle gives rise to a 
more massive response of both the tiny and large potentials possessing 
end-organs which adapt more slowly to constant pressure. The high 
frequency of the smal! potentials immediately after pricking or firm 
stroking makes it impossible to study the size and shape of the individual 
potentials. There is usually too much interference at the beginning but 
after a few seconds the frequency is reduced enough to enable a closer 
study of these tiny potentials, as in Fig. 5 C. | 
While the monophasic records show the true relations of the spike 
heights, the diphasic records taken with the electrodes close to each other 
give a rough idea of the rate of conduction of the axone potentials. 
Although the records in Fig. 3 do not give the true ratio between the 
heights of the different axone potentials, it is, easy to distinguish the 
fibres conducting at rates above 10 m./sec. from the still slower axone 
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potentials, In Figs. 3 and 5 the spikes designated 5,, 5, may be easily 
distinguished from the slower potentials C, which in Fig. 3 C (burning) 
form the principal part of the response. 

Even when the larger potentials are monophasic, some of the smallest 
recorded potentials display a di- or triphasic configuration. This rather 
irregular configuration agrees well with that of the slowest axone po- 


tentials recorded in response to noxious stimuli in frog’s cutaneous nerves. 


by Adrian [1931] and Zotterman [1933]. This peculiar configuration was 
taken as indicating frequent branching of the fibres, and a frequent 
branching of a group of slow pain fibres would fit in rather well with the 
experience that the pain elicited by a pin prick in the later stages of 
asphyxial nerve block is very badly localized. 


Fig. 6. To be read from the right. High signal/noise ratio. A, the start of a stroke, 2 C 
potentials from the after-discharge of a preceding stroke are seen to the right; B, the 


end of the stroke and the following after-discharge consisting of summated C potentials, 
Time 1/50 sec. — 


All the potentials of the smallest heights, however, are not of irregular 
shape. When leading off from two undamaged points of the nerve there 
often appear at the end of the after-discharge following stroking very 
small diphasic potentials which show an interval between the phases 
5-6 times that of the axone potentials of the 5, type (see Fig. 6 A). 

The irregular shape of these small axone potentials elicited by noxious 
stimuli makes the measurements of their spike heights less reliable, the 
more so since the recorded spike heights are so close to the noise level 
_ that the error in measuring them is very great. 

A typical diagram of the spike heights of the axone potentials from 
a pin prick is shown in Fig. 9 E and of the spikes from a firm stroke in 
Fig. 9 F. Although there are potentials of very different spike heights, 
the diagrams disclose distinct groupings of spikes. The response to the 
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pin prick is recorded only 5 sec. after the stroke; the electrodes were not 


moved and the conditions of the preparation must be considered to be 
constant. The close resemblance between the two responses is striking. 
The preparation was very slender and of a diameter of ee? 
0-06 mm. 

As seen in Figs. 4 C and 5 B the immediate response to a needle prick 
seems to consist of a brief outburst of large spikes intermingled by smaller 
spikes designated 5, and 8,. In the record of Fig. 5 B the response of the 
largest spikes subsides in 0-01 sec., while the frequency of the 8, and 8, 


_ spikes increases to a maximum in about 0-03 sec. The frequency of these 


potentials is now of such a height that they entirely mask the smallest 
spikes. In about 0-06 sec., however, still smaller spikes appear on the 
record. These very small C spikes increase rapidly in number, add together 
and often form within 7 sec. regular potential waves. This regular rhythm 
gradually changes into irregular potentials and, after a second or so, 
single axone potentials of very low spike heights may be seen isolated 
from each other. The tendency of the smallest axone potentials to fuse 


together to a regular rhythm at the height of stimulation is very interest- 


ing, since it supports Adrian’s [1937] interpretation of the regular po- 
tential waves found in the central nervous system. 

As long as the needle is resting on the skin, C potentials are present 
although of low frequency (Figs. 4 D and 5 C). All the time potentials of 
the 5, type and even some of the 5, type are seen. Since in this prepara- 
tion a few 8, fibres were responding spontaneously before stimulation, 
their appearance in Fig. 5 C may be independent of the stimulus applied. 
When the needle is pulled out the same events are repeated. The larger 


_ spikes and the 8 spikes are followed by C potentials, which latter may be 
_ seen or heard for many seconds. 


The large spikes on pricking, the following volley of very small spikes — 
which gradually decrease in frequency, and the repetition of these events 
when the pin is pulled out again, show a remarkable coincidence and 
correlation with the sensations experienced from such a stimulus. 

The records suggest that the largest potentials are due to fibres 
stimulated by the deformation of the skin or movements of the hairs. 
These fibres are responsible for a sensation of touch. The question now 
arises, which fibres are responsible for the “first prick sensation”? 
Adrian [1932] discussed it without arriving at a definite conclusion, nor 
have the present results solved it. There are, however, a few points which 
may throw some light on this rather difficult problem. I find it difficult 
to adopt the hypothesis of Goldscheider [1926] and others that both pain 
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or noxious reactions and a pure deformation of the skin are served by 
the same afferent. fibres, the difference in sensation depending upon the 
intensity of the stimulation, and in a difference in frequency of impulses 
setup in the same fibres. . 

Cattell & Hoagland [1931] have ses that a <ilitabinn stimulus will 
set up a very high frequency of impulses in the largest cutaneous fibres. 
The fact that such stimulation does not lead,to pain or nociceptive re- 
actions makes it unlikely that the same afferent fibre could give rise to 
different sensations or reactions when the end-organ is stimulated by pin 
pricking or by pure deformation of the skin. The fibres producing the 
largest spikes in response to deformation of the skin-presumably do not 
contribute to the mechanism. If they did so, Miiller’s law of specific 
energy would not be true. The fact is, however, that this law has hitherto 


resisted all attacks and that so far all new facts in the physiology of the | 


sense organs have satisfied it. 

It is probable therefore that even the “firet pricking pain’’ or “ bright 
pain” is due to specific fibres in that these fibres always produce the same 
sensation however stimulated. The question now is whether these fibres 
are of the same diameter, giving the same spike height and possessing the 
same rate of conduction as the largest and fastest conduction fibres of the 
cutaneous nerves, which respond to touch (a mere contact or movement 
of the hairs). Since the records disclose very little difference between the 
spike height picture between a firm stroke with a wooden pin and a pin 


prick, it seems impossible to solve that important problem, at least for — 


the present. There are, however, some observations which may explain 
the fact that a stroke and a prick produce the same kind of spikes. Both 
types of stimulation may involve the specific “pricking pain” fibres, 
especially as we cannot regard the skin as being quite normal in these 
experiments. It is a well-known fact that the excitability of the cu- 
taneous nerve endings varies considerably, especially after intense 
stimulation. In the light of Lewis’s [1936] investigations it seems probable 
that the skin in the present experiments is hyperalgesic. The similar 
display of the different groups of axone apices in response to the stroke 
as well as to the needle prick is thus just what might have been expected. 

All the records of pin pricks, however, disclose an augmented number 
of axone potentials of a spike height just under half that of the largest 
spikes and about twice the height of those seen isolated from each other 
when touching the hairs very gently. Those axone potentials designated 
6, are also seen when applying a hard stroke, but their relative number 
seems to be quite considerably less in that case. Their very regular 
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appearance and their great number at the moment of entrance of the 


needle into the skin, simultaneously with or immediately following upon 


the largest axone potentials suggest that they might convey pain. Their 


relative spike height indicates conduction rates of 20-30 m./sec. They are 
often seen, although with low frequency, all the time the needle is resting 
in the skin. When the needle is pulled out their frequency increases 


considerably, but they then cease quickly, leaving the signalling entirely 
_ to the smallest fibres.’ It is very tempting to relate those axone potentials — 


+o the first pricking pain sensation. Eccles & Sherrington [1930] have 
calculated a rate of about 30 m./sec. for the afferent fibres eliciting the 
flexor reflex of cat. The diameter of these fibres would thus lie between 
8 and 10., representing the largest fibres of the spino-thalamic tract. 
This tract consists of the second afferent neurones of the fibres con- 
ferring pain and temperature as well as tickling, as will be discussed in a 
following section. Sjéqvist [1938] has recently shown that the division 
of the bulbo-spinal fifth tract in man gives a complete analgesia of the 
face. According to his microscopic investigations this tract contains no 
fibres exceeding 7. at the level where it is severed in this operation. 
As the fibres of this tract belong to the peripheral neurones it is obvious 
that the fibres of 6-7. in this tract are the largest fibres which can 
confer pain from the face. Thus the fibre-size analysis tells us that the 
largest fibres conferring pain undoubtedly cannot exceed 10. in diameter. 
Assuming that conduction rate varies as the square of the diameter 
of the fibre pain most probably is not conducted at rates nignen than 
30 m./sec. 


DIRECT MEASUREMENTS OF CONDUCTION RATES OF AXONE 
POTENTIALS ELICITED BY TACTILE AND NOXIOUS STIMULI 


_ While the relative rate of conduction of the axone potentials can be 
only roughly estimated from their shape in diphasic records, the spike 
heights in monophasic records give better information of the relative 
rates. The double cathode-ray tube, however, offers an easy method of 
measuring the absolute rate of conduction. Two pairs of electrodes, each 
connected to a separate amplifier with balanced input stages, were placed 
at suitable distances on the nerve, and simultaneous records of the 
potential changes at the two off-leads could thus be obtained. 

It is not always easy to find a suitable nerve branch which provides a 
sufficient length, and thin enough to admit the recording of the slow 
potentials, with their apparent low spikes, but the greatest difficulty is 
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to dissect out the whole branch without injuring some of the fibres. 
A slender preparation is also more difficult to preserve. 

In order to measure the rate of the axone potentials, it is necessary to 
limit the number of the fibres functioning, which in practice might be 
made principally in two ways, (a) by cutting most of the fibres, (6) by 
limiting the stimulation to a restricted number of nerve endings. As the 
purpose of this investigation was to record the rate of the axone potentials 
set up by different kinds of stimuli the latter procedure was adopted. — 


The simultaneous recording from two pairs of leads of the fast po- 
tentials which give very large deflexions is easy, but the rate of the 


Ky 


Fig. 7. Shows two strips of a double-lead record. To be read from the left. Stimulus light 
bending of a few hairs; the negative spikes meet; the large spikes f, the small 4, ; 
distance between electrodes 22 mm., temp. 31° C. 


slower potentials are mostly rather difficult to determine, because of their 
low spike heights. All attempts to measure the rate of conduction of the 
smallest spikes in this way have hitherto failed, and it has only been 
possible to determine the rates of fibre conduction down to about 10 m./ 
sec. The reason for that depends partly upon the difficulty of preserving 
the very thin nerve preparation in which the slowest potentials could be 
recorded. Improved methods, now in progress, may in future provide 
measurements of the slowest rates. Rates of axone potentials down to 
about 10 m./sec. were, however, measured in 12 out of about 100 nerve 
preparations tested last winter and spring. : 

Fig. 7 gives a typical example of the double-lead records obtained 
when stroking. It shows two types of potentials, one travelling at a 
rate of 50 m./sec., the other at about 12 m./sec. When the same kind of 
stimulus was applied to peripheral parts of the skin supplied by the nerve 
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only the slow potentials were elicited. The axone potentials which appear 
in response to a very light touching of the hairs in the centre of the 
receptive field by the fine edges of a piece of cotton-wool also travel at a 
rate of 12 m./sec. As has been demonstrated above, potentials of the same 
relative spike height are found in the after-discharge to a stroke and they 
also appear while burning. The conduction rate of these potentials has 
been ascertained in a number of experiments, which are brought together 
in Table I. This table contains the results from the experiments in which 


I 
| Distance No.of Rate of conduction m./sec. at 37° C. 

: potentials A 
Stimulus leads mm. measured Max. Min. Mean 
After-discharge to stroke 42 23 17-0 14-2 15-8 
’ Burning 40 21 15-8 12-3 14-0 
After-discharge to stroke 35 30 12-8 | 11-2 
Burning 35 24 12-8 8-0 9-2 
After-discharge to stroke 653 27 15-7 10-5 11-9 
Burning 53 70 14-5 10-5 12-5 
Stroking periph. 46 39 12-9 10-5 125 

Very light touch centr. 22 33 12-9 $7 11-5 

Very light touch centr. 22 13 12-4 10-0 11:8 
Stroking periph. 22 23 12-9 8-7 11-2 


all the potentials of this type could be identified at both leads. The 


conducted distance from one pair of off-leads to the other varied from 
22 to 53 mm. The temperature in the different experiments varied from 
29 to 36° C., and a temperature coefficient of 1-7 has been used in trans- 
ferring the rates obtained to 37° C. 

Pulling and twisting the hairs usually elicit axone potentials of more 
varying rates of conduction than a light stroke over the hairs. In 
addition to the potentials seen in Fig. 1 some spikes appear which travel 
at rates of about 20 and 30 m./sec. Such records were reproduced in a 
previous paper [Zotterman, 1937]. : 

The conduction rates of the potentials in Table I as well as those 


_ potentials travelling at 20-30 m./sec. do not fall far from the rates of the 


potentials which build up the B elevation of the electroneurogram of the 
saphenous nerve of the cat recorded by Erlanger and his fellow-workers. 
The front of this B elevation travels at 20 m./sec. Heinbecker, O’Leary 
& Bishop [1933] have shown conclusively through degeneration experi- 
ments that the saphenous B elevation is made of axone potentials of 
sensory fibres, Erlanger & Gasser [1937] prefer to name this elevation 
8, since the B elevation, travelling at 10 m./sec., was originally attributed 
to the fastest fibres in the grey rami. It seems likely that most of the 
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axone potentials, which in this investigation were found to travel at 


rates from 8 to 25 m./sec., take part in building up the B elevation of the 
saphenous electroneurogram. According to Erlanger we will call these 
axone potentials 5. It seems justified also to separate the faster from the 
slower conducting fibres by naming them 8, and 4, respectively. 
that the rate of conduction varies as the square of the 
diameter of the fibre and that a fibre of 184. conducts at a rate of 100 m./ 
sec., the diameter of the fibre producing the fastest travelling axone 
potential here recorded, which was found to be 58 m./sec., would be 
13-7 uw. The 8 potentials would accordingly come from fibres of diameters 
ranging from 5-5 to 10-Ou. The average rate of 12 m./sec. of the 6, 
potentials would correspond to a diameter of 6-2 p. 
Two of the preparations from the saphenous nerve used in these 
investigations were stained by osmic acid, and the number and the 
diameters of the fibres are given in Table II. In measuring _ diameters 


II 
No. of fibres 
Diameter 
ao” Prep. 1 Prep. 2 rate m./sec. 
14-14-9 60-69 
13-13-9 1 5 62-60 
12~12-9 1 2 44-52 
11-119 9 37-44 
10-10-9 12 4 31-37 
9-9 15 5 25-31 
8— 8-9 5 6 20-25 
6- 6-9 9 5 11-15 
5 59 16 9 8-11 
4- 49 16 4 5- 8 
3- 3-9 4 $8 
2-9 2 2 1-2-3 
l- 19 1 1 0-3-1-2 


the factor given by Arnell [1936] was used to allow for shrinkage. The 
paraffin imbedding was supposed to shrink the fibre diameters 15 %. 
The two preparations did not contain any fibre of a diameter exceeding 
14, which indicates that the velocity of the fastest fibres would run up 
to 60 m./sec. 

As most experiments with double-lead recording were made to 
determine the slowest rates of conduction, the measurements of the 
fastest rates are fairly few. While hunting the slowest potentials the 
amplification was relatively high, which caused the largest potentials to 
deflect the beams off the record. Most records were also taken after the 
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gation were chosen to be as thin as possible, which means that the nerve 
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actual stroking, while the after-discharge was heard from the loudspeaker, 
or while burning. Thus the measurements of the potentials which take 
part in the after-discharge following upon a stroke, as well as of the 
potentials appearing while burning, are more numerous than the data 
concerning the larger spikes. The number of preparations from which the 
data of the rapid fibres are obtained is limited to four. The distribution of 
the observed velocities of the different fibres of such a preparation is 
given in diagram A, Fig. 8. 
- Two records, however, were made of the fastest rates of conduction 
in the fibres of cutaneous surae lateralis, which is a rather thick nerve, and 
does not allow the recording of the smaller spikes. The average rate of the 
fastest fibres of this nerve was in two records found to be 71 m./sec. The 
maximum rate in both records was 80 m./sec. and the minimum rate 
respectively 54 and 64 m./sec. The distance between the off-leads travelled 
by the potentials was 66 and 48 mm. respectively. The highest rate, 
80 m./sec., was the same in both records. The average rate of the sixty- 
nine axone potentials here measured agrees very closely with the rate of 
the front of the A elevation of the saphenous electroneurogram, which 
Erlanger & Gasser found travelling at a rate of 73 m./sec. 

The preparations of the saphenous nerve used in the present investi- 


branch was prepared as far distally as possible. The fact that I have not 
recorded from these preparations any faster axone potentials than 
58 m./sec. may depend upon this fact. I should think that the electro- 
neurograms of the saphenous nerve of cat recorded by Erlanger and his 
co-workers were taken from much thicker preparations. Asthe number of — 
fibres above 12. in saphenous nerve preparations is very small, the 
thicker preparation will, of course, offer a greater chance of producing the 
fastest potentials. It is also possible that the fibres diminish in size 
peripherally. The over-all slower rates found in those experiments, 
carried out as far peripherally as possible on the nerve, could be taken as 
pointing in that direction. Bjérkman & Wohlfart [1937] have recently 
shown that the fibres of cutaneous nerves decrease in diameter, peri- 
pherally. Whether this fact depends upon branching of fibres or upon a 
slow decrease in diameter as the fibres pass along to the periphery cannot 
at present’ be decided. It may be possible to solve this question by 
recording the axone potentials from the dorsal rootlets as well. 

As has been mentioned above, the 5, spikes, which are easily recog- _ 
nized, can be used to relate the axone potentials from different records. 
The results of such computationsare seen in Figs. 8 and 9, which show some 
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spike-height diagrams from records taken during different kinds of 
stimulation, as well as some diagrams of the rates of conduction measured 
directly. The data of each diagram come from a single experiment. The 
relatively small number of the largest spike heights in these diagrams 
depends upon the fact that deformation of the skin or of the hairs 
usually sets up such a frequent number of the larger axone potentials 
that only a few of the largest spikes are seen isolated. 


A 
E 
( 


response to: A, a hard stroke; B, a very light touch; C, firm stroke (after-discharge 
only). The two lower diagrams represent the distribution of spike heights occurring: 
D, in response to a hard stroke (rings indicate spikes recorded during the stroking; 
dots indicate the spikes of the afterdischarge); E, in response to burning. . 


The large number of spikes of relative heights from 3 to 6, seen in 
| Fig. 8 D, might be due to summation of very small spikes. At the end of the 
after-discharge to a firm stroke the spikes seen are much lower. It is thus 
very likely that many of the axone potentials of the former spike heights 
are built up by smaller spikes below the relative value of 3. 

The spike heights of these potentials often come down to about one- 
sixth of that of the average 5, potentials. Assuming that the linear 
relation between spike height and rate of conduction is valid for all 
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_ afferent fibres, and on the further assumption that the highest spikes 
- recorded, conducting at rates of 50-60 m./sec., derive from the largest 
' fibres‘of the saphenous preparations which have a diameter of 12-14 fs 


we could thus relate these smallest spikes to fibres of a diameter of 
2-3. conducting at rates as low as 2 m./sec. The smallest spikes obtained 
are usually masked so much by noise that their heights cannot be 
measured. It is thus likely that still slower spikes exist in response to 
noxious stimuli, | 
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response to: A, light stroke; B, pulling a few hairs; C, very light touch; D, very light 
stroke. The three lower diagrams give the distribution of the axone potentials accord- 

- ing to spike height: E, needle prick; F, hard stroke; G, very light touch. Diagrams 

B, C, E, F and G all come from the same nerve preparation. 

Although no accurate measurements have been made of the rate at 
which these very slow potentials are conducted, it seems clear that the 
after-discharge to a firm stroke as well as the response to all noxious 
stimuli is built up to a great extent by potentials of rates from 5 to 
2 m./sec., and possibly at still slower rates. ; 

As the fibres below 3. display very thin myelin sheaths when stained 
by osmic acid, they have often been looked upon as sympathetic in 
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origin. In a previous paper [Zotterman, 1933] the slowest rate of 
conduction for pain in man was calculated to be 0-5 m./sec. As at that 
time Erlanger & Gasser’s original conception of a linear relation between 
the rate of conduction and the diameter was the basis for calculating the 
diameter of the fibres, the size of the slowest conduction pain fibres was 
assumed to be below ly. Fibres of such small dimensions were at that 
time considered to be sympathetic fibres. The preparations of the 
saphenous nerve stained in osmic acid display a very large number of 
fibres of diameters 3-5. The number of fibres of 1-3. is, however, 
probably much larger than given in Table II, as these fibres are usually 
poorly stained by osmic acid. Stained by the method of Alzheimer- 
Mann, as modified by Haggqvist [1936], a large number of these fibres is 
seen, displaying a well-developed sheath of the same appearance as that 
of the larger fibres. A microphoto of the lingual nerve stained by this 
method was reproduced in a previous paper [Zotterman, 1936, Pl. I A]. 

It may thus be assumed that these potentials, or at least those of the 
lowest spike heights, take part in building up the C elevation of the 
saphenous electroneurogram. As direct data of the velocity of these 
very small spikes are still lacking, it is possible that the potentials here 
_ recorded travel at lower rates than indicated by their spike heights. We 
do not know whether the linear relation between spike height and con- 
duction rate holds for such small fibres. 

The results of this investigation, taken in conjunction with the results 
of Clark et al. [1936] referred to above, have thus provided very obvious 
evidence for the assumption made in 1933, that pain may be conducted 
at rates as slow as that of the C elevation. | 


THE NERVOUS MECHANISM OF TICKLING 


When the mechanical stimulus is very light the response may consist 
entirely of relatively small spikes (Fig. 4 A) which should be compared 
with Fig. 4 B, which is the response to a firm stroke applied 4 sec. later. 
The rate of conduction of these relatively small spikes was determined in 
two preparations from different cats and was found to vary between 
8-7 and 12-9 m./sec. The spike height seems to pile around a relative 
figure of 12 compared to a value of about five times as great for the 
largest spikes. 

Such spikes, conducting at a rate of about 12 m./sec., appear con- 
stantly when the hairs are moved. They will be seen isolated when the 
hairs are touched very gently with a feather or a piece of cotton-wool. 
After a firm stroke they are often seen to outlast the actual stimulus for a 
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few tenths of a second, and they are mostly present in the lasting and 
rather massive after-discharge following upon a firm stroke. It was also 
found that the after-discharge of 5 and C potentials was abolished or very 
much reduced when the fur was moistened with water or Ringer. In that 
case the light touch produced either 8 and 5 potentials together, or 
nothing. Since a very light stroke with a piece of cotton-wool elicits a 
tickling sensation, it. is tempting to correlate this sensation with the 
12 m./sec. potentials which according to our calculations come from 
fibres 6-7 ». in diameter. It is indeed a fact that a light stroke over the 
hairs of the back of the hand or over the fine hairs of the face usually 
elicits a tickling or itching sensation, which, if it is not always com- 
pletely abolished, is very much reduced by moistening the skin. 

There are further observations of another kind which also tend to 
support the view, that fibres producing 5 and C potentials are concerned 
in tickling and itching. When the ventrolateral column of the spinal 
cord is severed, it results not only in analgesia and thermoanaesthesia on — 
the opposite side but also, as recently was observed by Foerster & Gagel 
[1932], in a failure to perceive tickling. I have myself made some obser- 
vations on a few cases of trigeminal neuralgia who have been subjected to 
trigeminal tractotomy, the new operation by Sjéqvist [1938], which 
consists in sectioning the bulbospinal tract of the trigeminal nerve. This 
operation results in a complete analgesia with an intact tactile sensibility, 
so that the patients respond to touch and pressure, but do not exhibit 
any tickling reactions. This is very easily demonstrated by touching the 
nares of the patient with a piece of cotton-wool. The patient reacts very 
typically for the “tickling” stimulus on the intact side, but there is no 
response from the operated side. Thus it must be considered established 
that the fibres responsible for tickling run along the same tracts as do 
the pain and temperature fibres. The fibres responsible for tickling sensa- 
tion in the face obviously are of diameters below 7. (cf. p. 15). 

It is interesting to relate this to Haggqvist’s [1936] statement that the 
spinothalamic tract does not contain fibres of diameters exceeding 10. 
The fibres measuring 6-10. in diameter were found to constitute only 
about 2-3 % of the total number of fibres of this tract in contrast to the 
columns of Goll and Burdach, which contain fibres of diameters up to 
15. The number of fibres exceeding 6. are in Goll’s column 16-7 % and 
in Burdach’s column 10-5 % of the total number of fibres measured. In 
the dorsal spinocerebellar tract of Flechsig, Haggqvist found fibres of as 
large a diameter as 18. The number of fibres of diameters above 6. 
were in this tract about 45 % of the total number of fibres measured. It 
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thus seems likely that some of the 5 fibres are concerned in the elicitation 
of tickling sensations, which often are referred to the “sense of touch”’. 
These facts can be related to Petrén’s [1902] observation that “touch” 
is partly conducted in the ventrolateral column of the spinal cord. The 
spinothalamic tract thus mediates pain, temperature and tickling. 

It remains now to settle whether this assumption will satisfactorily 
fit in with what is already known concerning the phenomenon of tickling. 
First there is the characteristic point that tickling with its after-sensation 
is easily stopped by rubbing the skin, and that a firm stroke or a firm — 
pressure applied to the skin does not lead to tickling. The difference in 
electric response is that the latter stimulus, in addition to small spikes, — 
elicits large spikes from fibres conducting at rates up to about 60 m./sec. 
Thus it seems that the fast impulses travelling up the posterior columns 
inhibit the central effect of the later arriving slow impulses. The less the 
large, fast fibres are stimulated the more intense become the tickling and 
- itching sensations elicited by the slow impulses. 

Foerster [1927] provided strong evidence for the view that the fibres 

of the dorsal columns of the spinal cord exert an inhibitory action upon 
the central effect of the impulses conducted in the spinothalamic tracts. 
Isolated lesions of the dorsal columns lead to a hyperalgesia, which were 
jnterpreted by Foerster as being “ein Ausfallssymptom”’, a consequence 
of the blocking of the long ascending dorsal tracts, The hyperalgesia, 
or “hyperpathy”’ as Foerster prefers to call this sensory defect, should 
thus be due to an exclusion of the highly differentiated and phylogenetic- 
ally younger system of cutaneous sensory fibres, which normally exert an 
inhibitory influence upon the very ancient system of pain fibres. 
_ In cases suffering from isolated lesions of the dorsal columns Foerster 
observed that: “Streichen iiber die Haut wird als schmerzhaft und 
unangenehm empfunden, Streichen iiber die Haare ruft einen unan- 
genehmen Gefiihlston, bisweilen sogar furchtbaren Schmerz hervor, 
wahrend festes Zufassen oder starker Druck in die Tiefe keinen abnormen 
Schmerz erzeugt.” 

The observation that a very light touch often, in addition to the 5, 
potentials, elicits a small number of C potentials suggests that the itching 
after-sensation often following upon such a stimulus is due to a weak 
stimulation of C fibres. Introspectively the itching and burning sensations 
seem to fuse, especially as the strength of the stimulus producing itching 

is increased. It thus seems as if an increase in the stimulation of the C 
fibres alters the character of the sensation from tickling to itching and 
finally to burning sensations. The records show that the response to burn- 
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ing contains the same types of potentials (5 and C) as are seen in the after- 
discharge following upon a firm stroke with a wooden pin. The after- 
sensation from a firm stroke upon the skin is of the same burning 
character as the sensation generally called itching. 

_ The difference in the after-sensations following upon a light and upon 
a firm stroke on the skin seems thus to be of a quantitative nature. 
Both 6 fibres conducting at rates of about 12 m./sec. and still slower 
conducting fibre (C fibres) may be concerned in the elicitation of tickling. 
The itching after-sensation to light touch is most probably due to fibres 
conducting at C rates. 

It must be borne in mind, however, that the condition of the skin and 
its nerve endings in these experiments cannot be regarded as quitenormal. 
Therefore it may not be justified to press these facts too rigidly into a 
scheme suiting the sensations from normal skin. As the methods of 
recording the activity of the nerve fibres now have been developed to 
such a degree that even the smallest afferent fibres have to yield to our 
curiosity, further experiments may provide more quantitative data re- 
quired for the analyses of the nervous mechanism of cutaneous sensations. 


SUMMARY 

The axone potentials in the saphenous nerve of the cat have been 
studied in response to tactile and noxious stimuli to the skin. The tech- 
nique of recording the axone potentials, particularly those deriving from 
the thinnest afferent fibres, is discussed in detail. A complete picture of 
the nerve fibres ——- in the response to various stimuli was 
obtained. 

The results may be summarized in the following way: 

1, Stroking the skin sets up axone potentials of very different calle 
heights, the ratio between the smallest and the largest being ¥y or more. 


_ This is followed by an after-discharge of axone potentials with low spike 


heights. The lowest spikes usually display irregular shapes, and their 
general configuration indicates a low rate of conduction. Besides these 
small spikes (denoted C), there appear in the after-discharge axone 
potentials of spike heights about one-third—one-fifth of that of the largest 
spikes seen while stroking. It is shown that potentials denoted 5, which 
in regard to their spike heights can be divided into two groups 6, and 4,, 
represent the fast-conducting fibres mediating pain 

The intensity of the after-discharge, i.e. the frequency of C and 8 
potentials, varies with the strength of the previous stimulation and the 
conditions of the preparation. 
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2. Very light. stroking usually produces 5, potentials (sometimes a 
few 8,) usually followed by a weak after-discharge of axone potentials of 
low spike heights (C). : 

3. Burning stimuli, applied without inducing any mechanical 
deformation of the skin, produce the same type of potentials seen in the 
after-discharge following upon a firm stroke. At the height of stimulation 
the small C potentials fuse into regular rhythms and persist for some time. 

4. At the moment of contact a needle prick elicits a rapid outburst of 
large potentials, followed immediately by a massive response of 5, and 5, 
potentials, which quickly decline in frequency. The 5 potentials are then 
seen rising from a ground of low potentials which increase rather rapidly 
in frequency, sometimes forming regular waves. These low spikes 
continue as long as the needle is pressing on the skin. The sequence of 
response on withdrawal of the needle is similar to that following the 
initial prick. An after-discharge consisting chiefly of C potentials 
follows. 

5. The rate of conduction of the afferent axone potentials was 
measured by means of a double-ray electron oscillograph: 


(a) The large potentials produced by deformation of the skin and 


movements of the hairs are conducted at 30-60 m./sec. ; 
(5) the 8, potentials are conducted at 20-30 m./sec.; 
(c) the 5, at 8-17 m./sec. with a mean value about 12 m./sec. 
_ The conduction rates of the © axone potentials have not been 
measured, due to their low spike heights, and the usually irregular shape 
of the potentials which causes great difficulties in identifying the po- 
tentials recorded from the different points along the nerve preparation. 

6. On the assumption that the spike heights of the axone potentials 
vary as the squares of the diameters, the conduction rate of the C 
potentials seems to be very low. Most likely the conduction rates of at 
least some of the C potentials recorded range down to the rates of the 
fibres contributing to the C elevation of the electroneurogram recorded 
by Erlanger & Gasser. 

7. Making certain assumptions, the diameters of the fibres producing 
the large spikes as well as the 8,, 5, and ( spikes have been computed. 
The results are: the large spikes produced by deformation of the skin 
derive from fibres 10-14. in diameter; the 8, spikes from fibres 7-9. in 
diameter; the 5, spikes from fibres 5-5-7. in diameter; and the C 


potentials from fibres below 5-5. in diameter. The 8 fibres are most 


probably myelinated fibres responsible for the “‘first pain sensation”, 
while some C potentials at least seem to be unmyelinated fibres in the 
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sense that their sheaths are not stained by osmic acid. The evidence that 
pain is mediated by very thin nerve fibres is thus strengthened. ° __ 

8. The fact that very slight deformations of the hairs and the skin 
produce 6 and C potentials often followed by an after-discharge consisting 
mainly of C spikes, provides direct evidence for the view that tickling 
and itching sensations or reactions are elicited by the activity of thin 
afferent fibres. The gradual transition of tickling and itching into burning 
sensations thus depends upon —* changes in the response of the 
fine nerve fibres. 

9. Evidence is provided strengthening the view advanced by Head, 
Foerster and others that the epicritic fibres exert an inhibitory action 
centrally upon the protopathic system of fibres. — 

The fibre analyses by Haggqvist [1936] suggest that the impulses 
set up in afferent nerves travel in fibres of the same size all the way to the 
brain. The impulses originating in the fastest fibres by touch may thus 
reach the brain before the impulses of the slowest fibres reach the spinal 
cord. This fact must be of great importance for the interpretation of the 
general inhibitory influence exerted by the brain upon the activity of the 
spinal cord. 


The expenses of this investigation have been defrayed by grants from the Therese and 
Johan Andersson Memorial Foundation. 
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CHOLINE ESTERASE IN VOLUNTARY MUSCLE 
By D. NACHMANSOHN | 
From the Laboratoire de Physiologie Générale, Sorbonne, Paris 
(Received 15 August 1938) 


Marnay & NAcHMANSOEN [1937b, 1938] have shown that there exists 
an extremely high concentration of choline esterase at the nerve endings 
of voluntary muscle and that during the refractory period of voluntary 


muscle, in a few milliseconds, the amount of ACh. required by the theory 


of chemical transmission can well be hydrolysed at the nerve endings. 
These experiments removed a great difficulty encountered by the theory 
of chemical transmission of nerve impulses in voluntary muscle, i.e. the 
necessity of a flashlike suddenness of the chemical process involved. The 
rapidity of the process seems to be, indeed, the main difference between 
the cells innervated by the autonomic system and the quickly reacting 
cells of voluntary muscle. As early as 1933 Adrian considered the 
possibility of a chemical transmission of nerve impulses from motor 
nerve ending to striated muscle fibre by a mechanism analogous to that 
which 0. Loewi had demonstrated for the heart vagus. “It is by no 
means certain”, wrote Adrian, “that the humoral transmission of 
excitation of the vagal effect differs in kind from the transmission of 
activity from motor nerve to striated muscle. An exciting substance 
liberated at a nerve ending, but destroyed within a few thousandths of 
a second, would have little chance of spreading by diffusion and would 
account well enough for the known properties of the nerve ending” 
[Adrian, 1933]. 

The concentration of choline esterase is several thousand times 
higher, at the end-plates, than in the muscle fibres. Owing to this great 
difference any marked variation in the relation of the volumes (V) of 
these two elements should produce a change of the esterasic power 
measured on the muscle as a whole, in spite of the very small V of end- 
plates. If the ratio V end-plates/V muscle fibres (V/V m) increases, the 


hydrolytic power must rise. Previous experiments on frog’s sartorius 


have shown that the esterasic power changes considerably according to 
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the density of end-plates. In degeneration the ratio Vp/Vm differs from 
the normal relation [Nachmansohn, 1938d; Couteaux & Nachmansohn, 
1938]. After denervation Vm decreases considerably whereas Vp remains 
unchanged, at least for several weeks. Thus, the frequency of the end- 
plates rises, and consequently the concentration of choline esterase. 
Very important variations occur during growth: the esterasic power 
of growing organs (brain, heart and voluntary muscle have been examined 
so far) develops in a way which is typical for each particular organ. 
There is a remarkable relation between the concentration of choline 
esterase and the development of nerve endings and synapses [Nachman- 
sohn, 1938a, 6]. In this paper experiments are described in which the 
esterasic power has been determined in muscles of chicken embryos and 
newborn and young chicken and mammals (rats and rabbits). oe 


The manometric method described by Marnay & Nac sohn [1938] 
was used. All experiments were carried out with ground tissue. The 
esterasic power of a tissue is represented by the quotient: Qoq x= mg. 
ACh. hydrolysed by 100 mg. tissue in 60 min. _ 

Owing to the high concentration of enzyme present smaller weights 
of muscles were used than previously. The “retention” of CO, became 
therefore very small and negligible. | ogee 

‘In order to exclude greater variations of Qoq._. due to varying 
density of nerve endings from one small piece of tissue to the other and 
to obtain a more correct average value of Qoq x, greater parts of tissue, 
if available, were ground as homogeneously as possible; a fraction of the 
suspension was put into the manometric vessels. | 

In the tables, both the whole weight ground, if a greater part was 
taken, and the fraction used for one single determination are indicated. 

The liquid in the manometric vessels was always 3 c.c.; in the side 
bulb, containing the ACh. solution, always 0-1 c.c. The initial con- 
centration was 2 mg. ACh./c.c. so as to obtain with certainty the 
maximal rate. All other conditions were the same as described previously. 


RESULTS 

Muscles of breast and hindlimbs from chicken embryos at different 
stages, from newborn chicken and 1, 2 and 3 weeks after birth were 
examined. Table I gives the figures obtained with breast muscles. The 
values rise rapidly during the incubation. The Qoy x, attains a value of 


- 


‘ 
x 
% 
AS 
My 
4 


CHOLINE ESTERASE IN. MUSCLE 31 
Tasie I. Changes of Qon.x, in muscle of chicken during growth. —— 


Days of Weight of 
Weight of aie 


or days tissue for one 
after ground _single determ. Mein 
mg. . Qon.z value 
Embryos 9 17-5 3-2 
9 27-3 2-7 } 30 
12 — 25-0 59 
12 22-8 7:8 6-8 
2 48 29-0 6-0 
16 67 25-0 6-5 
16 106-0 17:7 12-5 
16 90-3 22-5 10-0 : 
16 — 17-5 10-0 9-9 
16 - 42-0 12-6 12-7 | 
New-born 20 12-9 9-3 
day of 20 16-9 i113 aoe 
21 59-5 9-0 95 
69-5 11-0 
Chicken 7 74 24-6 9-0 80 
8 13-3 71 
14 195 29-2 1-21 
14 208 20-7 1-69 16 
15 104 26-0 1-90 me 
21 200 30-0 0-87 0-9 
Fowl — BA. 210 0-49 


9-9, whereas that of an adult muscle is only 0-4-0-5. There are rather 
great individual variations during the period around birth. It makes 
apparently no difference, whether small or greater parts of muscle are 
taken; the variations are therefore not due to an unequal distribution 
of nervous elements. In one experiment, for which four small parts 
were taken from the same embryo (sixteenth day), all four determinations 
yielded almost exactly the same result: 


mg. weight 19-2 16:3 136 20-8 
Qou.n. 9-8 


From several suspensions, prepared from larger portions of shine, 
two or more determinations were made. The values obtained always 
agreed so well, that only the mean data are given. 

Fig. 1 represents the course of Qo», of breast muscle during growth. 

A series of experiments (Table II) was made with muscles of hind- 
limbs. Although the main course is similar, there is a certain difference: 
the values of Qou-x, at birth are lower, the decrease occurs less rapidly. 
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Fig. 1. Course of Qoxn.x. during growth in beeest of chicken. Abscissa: Daysof 


Days of Weight of 
tissue 


or days for one 
bara mg Qou.x. value 
Embryos 9 32-2 16-1 2-5 
9 44-8 22-4 
17-7 6-2 
12 24-1 
16 1 12-8 6-2 
16 117 19-5 9-1 | 8-2 
: 16 67 9-2 
Newborn 20 61 1-6 55 
day of 20 23-8 43 
21 44 7-3 4-4 
Chicken 14 66-4 99-1 2-4 : 
14 1 240 26 
14 118-2 29-2 2-7 
21 146 1-4 
21 125 98-9 
21 141 30-0 1:8 : 
~ 161 $2.0 | 
161 320 0-47 
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_. Table III shows the results obtained on muscles of the hindlimbs of 

rats and rabbits. Here too the Qoy y, at birth is several times as high 

oe as in adult muscle. The decrease is very slow, particularly in rabbit’s 
| | muscle. The absolute value in adult muscle of mammals seems to be 
qT higher than in that of fowls. 


_ Taste IIT. Qog.x. in newborn and young rats and rabbits 
: Weight of Weight of tissue 


Rat Newborn 24-5 123 3-1 
21 days 75-4 25-1 2:5 
os 44-4 22-2 2-8 
35 days 128-0 25-6 16 
Adult 136-0 340 0-63 
172-0 0-61 
Rabbit Newborn 60-0 30-0 48 
56-8 28-4 49 
39-4 19-4 5-7 
10 days 140-0 23-3 5-9 
99-0 24°8 
20 days 237-0 35-5 3-2 
223-0 . 33-4 5-0 
31 days 219-0 27-4 3-9 
161-0 30-2 40 
Adult 199-0 30-0 0-71 
Discussion 


The frequency of nervous elements and end-plates is much higher in 
embryonic muscles than that in adults owing to the smallness of the 
muscle fibres. Moreover, the observations of Couteaux [1938] indicate 
| that the end-plates reach nearly their final size at birth, so that while 
4 | the muscle fibres of an embryo are small, the end-plates in a given 
| weight of muscle are relatively both large and numerous. The experi- 
ments recorded above show that Qoq x is high at the very stage of 
development when the relative volume of end-plates is large. These 
facts support the view, previously upheld on other evidence, that there 
. is a very high concentration of choline esterase in the end-plates. This 
re | view is confirmed by the fact that, after birth, the Qoq.» and the 
: frequency and relative volume of the end-plates decrease simultaneously. 

The fact that a high concentration of choline esterase already exists 
at the time when muscular movements first occur is most easily inter- 
preted on the theory that ACh. acts as a transmitter, as suggested by ~ 
Dale, Feldberg and co-workers, and that the enzyme has to remove the 
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substance during the refractory period as required by such a theory 
[Adrian, 1933; Brown, Dale & Feldberg, 1936; Eccles, 1937]. 

In a previous paper Marnay & Nachmansohn [1938] calculated that 
0-000002 wg. or 8 x 10° molecules of acetylcholine could be destroyed in 
5 msec. by the enzyme present in a single nerve ending in a frog’s 
 sartorius, and they came to the conclusion that the amount liberated 
by a nerve impulse could be destroyed during the refractory period. 

The experimental result has been confirmed by Feng & Ting [1938] 
and in class experiments in Cambridge [Blaschko, 1938], but the con- 
clusion has been contested by Clark, Raventés, Stedman & Stedman 
[1938] on the ground that the concentration of ACh. present under 
physiological conditions is likely to be so low. that the enzyme will only 
be acting at a very small fraction of its maximum rate. 

It is quite true that if the concentration of ACh. were as low as Clark 
and his co-workers assume, the amount destroyed in the refractory 
period would be much less than the figure given above, but there is no 
evidence that their assumptions are true. If the volume in which the 
ACh. is liberated is small its concentration may be high. A concentration 
of 1 in 500 is more than sufficient to saturate the enzyme. If 0-000002 ug. 
of ACh. were liberated in this concentration it would occupy a volume 
~ equal to that of a cube with sides 10. long, which is not an extravagantly 
small volume. It is quite possible that the volume in which ACh. is 
liberated may represent only a small part of the complex mechanism at 
a nerve ending. The essential fact is that the concentration of enzyme 
is at least sufficient to destroy the above minimal quantity of ACh. 
under favourable conditions. If this had not been so the supporters of 
the chemical theory of neuromuscular transmission would have been 
presented with an awkward fact which required explanation. The 
supposition that the concentration of ACh. is unlikely to be sufficient 
to allow the enzyme to work under optimal conditions does not raise 
comparable difficulties, so long as it is not supported by evidence. 


SuMMARY 


1. The concentration of choline esterase in muscles of chicken 
embryos and of young chicken and mammals (rats and rabbits) has been 
determined. In muscles of chicken embryos, the Qcu. x, Which represents 
the esterasic power per unit of weight and time rises strongly during 
the incubation and attains the high value of 9-9 (mean value). Then, the 
quotient decreases. The Qoy x, of fowl’s muscle is 0-4-0-5. The Qon x, of 
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muscles of newborn and young rats and rabbits also is several times as 
high as in adult animals. 
2. The great variations of Qoq », of growing muscle are inpereniaed 
as resulting from a change in the ratio volume of end-plates (or nerve 
elements) to volume of muscle fibres. Embryonic muscle tissue is rich 
in nerve elements and the end-plates are at birth nearly fully developed, 
whereas the fibres are very small. This explains the high value of Qon x. 
When the fibre grows, the frequency of end-plates and consequently 
the Qon decreases. 
The experiments show that it is necessary to cbinabdar: the relation 
of V of both elements for the interpretation of all variations of Qon x. 
which may be found. Such variations may occur if the esterasic power 
of muscles of different animals is compared (e.g. frog, lizard, etc.) or, 
if a muscle is examined under abnormal conditions (e.g. after denervation). 
3. New evidence is brought by these experiments for the existence 
of a very high concentration of choline esterase at the nerve endings 
confirming the results on frog’s sartorius. 
4. The objections of Clark e al. to the estimations of Marnay & 
Nachmansohn on the rate of hydrolysis of ACh. at the nerve endings 
are discussed. 


I am greatly indebted to Prof. H. Laugier and Prof. R. Wurmser for their kind interest 
and help and to the Ella Sachs-Plotz Foundation for a grant, which made this work 


possible. 
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FUNCTIONAL DISORGANIZATION OF THE KIDNEY 
IN DISEASE 


By R. A. MoCANOE anp E. M. WIDDOWSON 
From the Biochemical Laboratory, King’s College Hospital, London 


(Received 4 September 1988) 


_ Evmpence has accumulated in recent years [Smith, 1937; Richards, Bott 
& Westfall, 1938] to show that the inulin clearance is a measure of the 
glomerular filtration rate, and it has also been demonstrated that in 
health and for a given species fairly stable relations exist between the 
— inulin, creatinine and urea clearances. Based upon these facts a reason- 
ably simple explanation can be given of the way in which creatinine and 
urea are excreted. Thus in some mammals the inulin and creatinine clear- 
ances are identical, and therefore creatinine is considered to be eliminated 
solely by glomerular filtration. In man, however, the creatinine clearance 
exceeds the inulin clearance, and it would seem therefore that the tubules 
of the human kidney excrete some creatinine into the urine. Urea is 
thought to be excreted by glomerular filtration in all species but to 
undergo some reabsorption from the lumen of the tubules. Filtration, 
reabsorption and tubular excretion proceed so smoothly, however, in the 
intact and healthy animal that there is a tendency to forget that there 
must be forces regulating and controlling these processes. It is only when 
some chance experiment or disease produces gross departure from normal 
conditions and throws some function unexpectedly out of gear that we 
appreciate the complexity of the normal integration. Thus Shannon & 
Winton [see Winton, 1937] have reported that in the “isolated” kidney 
of the dog the creatinine clearances may no longer be equal to the inulin 
clearances, but substantially below them. The following observations on 
man describe comparable departures from the normal clearance ratios 
and give in addition information on the simultaneous excretion of other 
substances. The present work deals mostly with the secretion of urine in 
diabetic coma and is the logical outcome of an earlier investigation of the 
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same subject (including a review of the literature) by McCance & 
_ Lawrence [1935). Both papers, however, contain records of similar pheno- 
mena from patients not in diabetic coma, and it is believed [Allott, 1938] 
that the abnormalities may be of relatively general occurrence. 


METHOD 
Inulin and creatinine were injected intravenously, and subsequently 
urine and blood were collected at suitable intervals for analysis. In 
studying normal persons the usual dose of inulin has been 50 g., and this 
amount was administered to the first patient (P. 5, Table III) who was in 
deep coma. This dose was found to raise the plasma inulin to unnecessarily 
and unjustifiably high levels, and thereafter 20-30 g. were administered 
to patients with raised blood ureas. In making these tests on patients in 
diabetic coma large doses of insulin and 500-1000 c.c. of saline were 
always administered before the inulin and creatinine, but all intravenous 
medication was suspended for the next 2 or 3 hr. while the specimens of 
urine and blood were being collected. Details of the actual procedures on 
normal persons and on patients may be found in previous papers by 
McCance & Widdowson [1937, 1938]. , 
In order to determine as accurately as possible the glucose in diabetic 
urines, the small reduction due to non-sugar substances was found by 
removing the glucose by fermentation, and this value was deducted from 
the total reducing power. The correction was in all cases a very small one. 
Chasis & Smith [1938] have suggested that owing to the relative 
insolubility of inulin it is advisable to keep the urine flow above 1 c.c./min. 
during tests. It should be mentioned, therefore, that although some of the 
specimens of urine obtained from these patients had very low minute 
volumes and contained high concentrations of inulin (see Tables III 
and IV) crystallization was never observed until the urine had cooled. 
Histological records are not available, since it was impossible to obtain 
permission for post-mortem examinations on the patients who died. This 
is probably a matter of little importance, however, for in these functional 
renal abnormalities the morbid anatomists have so far given little if any 
constructive help [McCance & Lawrence, 1935]. 


Notes on the patients 

P. 1. 9 Age 40. Suffering from diabetic coma due to the omission of insulin. Blood 
pressure during tests 90/50 falling to 80/50. In health 122/88. 

P. 2. 9 Age 78. Well-controlled diabetic suffering from an inoperable carcinoma of 
rectum and two boils. A full dose of morphia and scopolamine was given to which the 
patient proved abnormally sensitive but from which she recovered. Blood pressure during 
tests 120/64. In health 124/60. | 
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P. 3. 9 Age 45. Admitted in diabetic coma due to insufficient insulin. Blood pressure 


during tests 110/75-126/80. 
P. 4. 2 Age 66. Admitted in diabetic coma, Blood pressure during tests 114/68. 
P. 5. 9 Age 41. Untreated diabetic in deep coma. Blood pressure during tests 94/55. 


RESULTS 


Clearances and clearance ratios. Smith and his collaborators [1937] 
have found that the normal inulin clearance is of the order of 122 c.c./min. 
for an “‘ideal” man with a surface area of 1-73 sq. m. and that the corre- 
sponding creatinine clearance is about 170c.c./min. at the plasma levels 
of creatinine at which we have been working. Thus the creatinine/ 
inulin clearance ratios are of the order of 1-4.. The urea clearance varies 
with the minute volume of the urine and at minute volumes of about 
2.c./min. has a normal value of the order of 70 c.c./min. The urea/ 
inulin clearance ratios therefore in normal health are a little below 0-6 
[Chasis & Smith, 1938]. 

For the sake of comparison with the results obtained in disease, 
Table I shows the values obtained by our methods on a normal man, 
results which are in agreement with previous observations [McCance & 
Widdowson, 1938] and with those of Smith and his collaborators. 


Tasiz I, Clearances and clearance ratios in a normal man (surface area 1-94 sq. m.) 
Clearance ratios 


C.0, 1 Creatinine U; inulin 
l 1:8 126 189 69 1-51 0-55 
2 2-0 150 222 73 1-48 0-49. 
3 42 131 214 82 1-63 0-62 
4 8-0 134 207 Be 1-54 0-57 
5 2-5 , 200 72 1-52 0-55 
6 3°7 138 210 . 67 1-52 0-49 


Two types of deviation from such normal renal function may be 
distinguished. (1) The common type in which the absolute clearances are 
greatly reduced without much change in the ratios between the clear- 
ances. One instance of wide fluctuations in the inulin clearance accom- 
panied by normal clearance ratios has already been published [McCance 
& Widdowson, 1937]. Two examples from other diseases of reduced 
inulin clearances and relatively normal clearance ratios are given in 
Table II, The figures in each case are the average of three consecutive 
periods. Chasis & Smith [1938] have reported a series of cases of glomer- 
ulo-nephritis in which they found a tendency for the urea/inulin clearance 
ratios to rise as the disease advanced, but the change was a relatively 


\ 
wg 
og 
“ag 
x 
a4 
a 


KIDNEY FUNCTION IN DISEASE 39 


Taste II. Clearances and clearance ratios in Addison’s disease and chronic nephritis 


Clearance ratios 
Clearances (c.c./min.) r A 
— Creatinine/ Urea/ 
Nature of disease Inulin Creatinine Urea . inulin inulin 
Addison’s disease 50 74 19 1-47 0-38 
Chronic interstitial 106 12-4 8-1 1-17 0-76 
nephritis 


small one and their findings in no way conflict with the above generaliza- 
tion. (2) The type now to be described in which the ratios between the 
clearances are notably unusual, the absolute clearances being at the same 
time often but not invariably reduced. The results obtained on four 
patients in diabetic coma and one patient suffering from an overdose 
of morphia and scopolamine are given in Table III. For each patient the 
periods followed each other without any interval of time, and the dura- 
tion of the periods was arranged according to the expected flow of urine. 
It will be observed that the first four patients show creatinine/inulin 
clearance ratios well below 1, and that these ratios are not necessarily 
associated with particularly low minute volumes. It is, however, by no 
means invariable to find creatinine/inulin clearance ratios below 1 in 
diabetic coma. They may be within normal limits, and in one subject 
(P. 5) a ratio of over 2 was found when the patient first came under 
observation. It is nevertheless true to say that creatinine/inulin clearance 
ratios below 1 are relatively common in patients who are in deep coma 
and dangerously ill. These low creatinine/inulin ratios were associated 
with very low urea/inulin clearance ratios in P. 1, 2, 4 and the later . 
periods of P. 5. The lowest urea/inulin clearance ratios have accom- 
panied very low minute volumes. In P. 5 the actual clearances were all 
very low, which should have tended, other things being equal, to a high 
urea/inulin ratio [Chasis & Smith, 1938]. These low ratios indicate 
extensive urea reabsorption, and in P. 5, periods 2 and 4, this appeared to 
become so extensive that there was a smaller percentage of urea in the 
urine than there was in the blood. It is possible that this was an artifact 
due to admixture of the urine passed during these periods with water used 
to wash out the bladder at the end of the previous periods, but there was 
no evidence of this at the time, and in the light of other findings recorded 
in this paper such extensive reabsorption must be accepted as a reson- 
able possibility. 
The exoretion of glucose. It has been known for some time [see 
McCance & Lawrence, 1935] that in disease the kidney may not excrete 
glucose even when the blood sugar is demonstrably very high. Two 
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Tasiz IV. Failure of glucose excretion during diabetic coma 
Plasma (mg./100 0.¢.) Urine (mg./100 o.c.) 


no. of period Inulin Glucose 0.0. Inulin Glucose 
P.11 190 840 0-75 7,240 2,600 

2 180 805 0-32 6,680 2,630 

3 150 740 0-16 9,900 1,480 

a 115 615 0-13 14,100 30 

P.51 742 653 0-26 5,500 680 

2 560 610 0-15 4,600 332 

3 540 580 0-07 11,500 160 

7 470 550 0-09 3,900 13 


_ instances of this are given in Table IV. The fact that these kidneys were 
excreting so little glucose in the urine in spite of the high levels of glucose | 
in the plasma is interesting enough, but the interest is greatly enhanced 
by the demonstration that these kidneys were at the same time excreting 
inulin relatively freely. This strongly suggests that the absence of glucose 
from the urine was due to reabsorption. 

The excretion of electrolytes. The urine is well known to contain 
relatively small quantities of the chloride ion during diabetic coma. This 
is usually associated with a very low figure for the plasma chloride, and 
so long as this is so there is nothing to suggest any abnormality of kidney 
function. Several workers, however [see McCance & Lawrence, 1935], 
have recorded cases of diabetic coma in which the urine was as usual 
almost chloride free in spite of abnormally high plasma chlorides. 
Allott [1938] has made similar observations in cases of uncompensated 
alkalosis. This is indeed an uncommon but a well-authenticated pheno- 
menon, and two instances of it are recorded in Table V. It is clear that 


Tasie V. Excretion of electrolytes and ammonia in diabetic coma 


Serum* mg./100c.c. Plasma* Urine Urine (mg./100 c.c.) 
c.c. min. vol. A 


no. of period K NH, Urea 
fe | 420 10-7 395 0-75 61 42 160 54 295 
2 : 394 0-32 20 20 89 44 196 
3 | 0-16 32 31 106 63 145 
a 0-13 46 54 110 86 173 
P.41 374 113 17 
2 374 1-01 12 


* Normal serum and plasma values: Na 315, K 18, Cl 360 mg./100 c.c. 


with plasma sodium and chloride so abnormally high as they are in P. 1 
one would have expected a high concentration of these ions in the urine, 
especially in the presence of an oligura. It will be recalled (see Tables III 
and IV) that this patient was excreting inulin freely, so it may be assumed 
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that the sodium chloride was passing through the glomerular membranes 
into the tubules. The excretion of potassium may have been normal in 
this patient, especially in view of the low serum value. The high rate of 
excretion of ammonia is to be noted relative to the almost complete 
failure to excrete urea. This was observed frequently by McCance & 
Lawrence, and it appears that this particular function of the kidney may 
remain unimpaired when others are greatly disorganized [McCance, 
1935]. 
_ Discussion 

The present studies, incomplete though they are, substantiate and 
extend those which have previously been made. It is clear that certain 
diseases may bring about gross functional disorganization of the kidney, 
and it is probable that these changes are unaccompanied by any constant 
anatomical change. A fall in glomerular filtration (inulin clearance) is 
readily explained in diabetic coma by the fall in blood pressure and de- 
hydration which usually accompany it, but the other abnormalities are 
difficult to explain. The fall in the creatinine/inulin clearance ratios to 
less than 1, the extremely low urea/inulin clearance ratios and the corre- 
spondingly low urine/blood ratios for urea have been detected often enough 
to leave little doubt that the observations are correct. The same is also 
true of the differential rates of excretion of glucose and inulin and the 
reluctance of such kidneys to excrete sodium chloride whatever the level 
of these ions in the plasma. All these phenomena have been observed in 
the same patient (P. 1), but more usually they are not all found together. 
It is to be remarked that all these abnormalities tend to produce a 
hypotonic urine, and it is noteworthy that under the conditions in which 
Shannon & Winton found abnormal creatinine/inulin clearance ratios 
the urine was also extremely hypotonic. It is difficult to believe that — 
with inulin passing freely or relatively freely into the urine—presumably 
by glomerular filtration—crystalloids are not also passing into the 
glomerular filtrates. The abnormality therefore in each instance is 
probably unrestrained reabsorption on the part of the tubules. The 
production of the very hypotonic urines characteristic of the fully de- 
veloped condition must involve the tubule cells in more work than normal 
against osmotic pressure per c.c. of urine formed. The problem is to ex- 
plain why all this is taking place. A possible explanation seems to be to 
follow the lead of Starling & Verney [1924-5] and to suppose that this 
excessive reabsorption is an “escape” phenomenon. In other words the 
kidney would always reabsorb in this way but for some restraining in- 
fluence, presumably hormonal in nature. The isolated kidney, in which 
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Starling & Verney were interested, is cut off from its normal hormonal 
control, and hence the tubules reabsorb chloride ions which they would 
normally pass into the urine. In. disease the hormones may not be 
secreted or, if they are, the kidney may not be responsive to them. 
Hence the kidney is functionally “isolated”, and the tubules reabsorb 
not only chlorides but also glucose and urea and to some extent creatinine. 
An alternative explanation, at present less complete but within its own 
limits probably a better one, has been suggested by Shannon & Fisher’s 
[1938] recent work. These authors have explained the well-known 
phenomenon of the renal “threshold” for glucose by pointing out that 
the glomerular filtration rate is normally very constant and by postulat- 
ing that the tubules can only reabsorb a certain quantity of glucose per 
unit time. When glucose is delivered into the tubules by glomerular 
filtration at a rate faster than this, glucose appears in the urine. In the 
present series of observations, although the blood sugar was very high, 
the glomerular filtration rate was very low. Hence the total quantity of 
glucose delivered to the tubules per minute may not have been above the 
maximum which relatively normal tubules were capable of transferring 
back to the blood. This explanation may be extended to cover the present 
observations on chlorides but not the abnormal creatinine/inulin clearance 
ratios, nor would it seem to explain all the observations which have been 
made on the excretion of chlorides either experimentally or in disease. 


SUMMARY 

1. Kidney function tests with inulin have shown that during diabetic 
coma and in certain other conditions: 

(a) The creatinine/inulin clearance ratios may be very much below 1. 

(6) The urea/inulin clearance ratios may be extremely low and also 
the urine/plasma urea ratios. 

(c) Glucose may be almost absent from the urine when the glucose in 
the plasma is over 550 mg./100 c.c. and when inulin is passing freely into 
the urine. 

(d) The percentage of urinary sodium and chloride may be very low 
in spite of extremely high plasma values. | 

(e) Other functions of the kidney such as the excretion of ammonia 
may be unimpaired. 

2. Two possible explanations of these results have been discussed: 

(a) That they are due to excessive reabsorption by the tubule cells 
caused by the loss of some normal restraining influence. 
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(6) That the glucose and chloride results are due to a pronounced 
fall in the glomerular filtration rate in kidneys with relatively normal 
tubules. 
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THE ACTIONS OF QUININE ON SKELETAL MUSCLE 


| By A. M. HARVEY?! 
National Institute for Medical Research, London, N.W.3 


(Received 8 September 1938) 


TE importance of the actions of quinine on the contractile mechanism 
of skeletal muscle, and on the processes of neuro-muscular transmission, 
has been brought into prominence by its effects in certain muscle diseases 
in human beings [Kennedy & Wolf, 1937; Kolb, Harvey & Whitehill, 
1938]. 

That quinine has a pronounced effect upon striated muscle has been 
recognized for many years. Santesson [1892] found that the sum of 
work done in response to rhythmical stimulation of the gastrocnemius 
with single shocks was greater, in both frogs and rabbits, after quinine 
had been administered, though the height of a tetanus was lowered, and 
the muscle tired more easily. Secher [1915], by perfusing the hindlimbs 
of frogs with Locke’s (sic) solution containing quinine, found a similar 
effect upon stimulation with a faradic current of short duration. Fiirth 
& Schwartz [1909] observed that this increase persisted in the cat after 
curarization. Brody & Sollman [1923] stated that quinine caused a 
depression of the response of the isolated frog muscle, as manifested by 
lowered contraction, more rapid fatigue, and prolongation of the 
refractory period. 

In the present paper an account is given of the actions of quinine 
on the responses to excitation of normal, denervated, and curarized 
skeletal muscles of the frog, domestic fowl, and cat. 


METHODS 

The mammalian experiments were done on cats decerebrated under 
preliminary ether, and prepared for arterial injections into the tibialis 
anterior muscle according to the technique of Brown [1938]. For the 
study of avian muscle, domestic hens anaesthetized with “ pernocton”’ 
(10% sol.) were used, the gastrocnemius being arranged for arterial 
a Research Fellow of the American College of Physicians. 
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injection as described by Brown & Harvey [1938]. Hungarian = 
(R. esculenta), weighing 80-100 g., were prepared for recording the 
response of the gastrocnemius with its circulation intact, the animal 
being pithed, and the quinine injected into the dorsal lymph sac. 
Occasionally the frog’s muscle was perfused with Ringer’s solution by 
means of a canula in the aorta, through which injections could be made. 
For determining the refractory period and for recording the electrical 
responses in the frog, the isolated sartorius was set up in a Lucas chamber 
and bathed in frog-Ringer solution, to which quinine in 1:50,000- 
1: 20,000 concentration could be added, the stimuli being applied 
through a pair of silver electrodes 1'cm. apart on the extreme pelvic 
end of the muscle. The effect of quinine on the stimulation threshold 
of the directly excited curarized muscle was also determined on the 
frog’s sartorius. The fully curarized muscle was immersed in Ringer’s 
solution in a Lucas chamber and again excited by induction shocks 
applied to its extreme pelvic end. The stimulus strength was determined 
which produced a response just detectable by inspection of the obliquely 
illuminated surface of the muscle, and the observation was repeated 
until a constant value was obtained. The Ringer’s solution was then 
changed for one containing 1: 20,000 quinine, and the determination of 
threshold was repeated at regular intervals. 

In the experiments on the denervated muscles of hens and cats the 
sciatic nerve was cut aseptically, under ether anaesthesia, and 10-15 days 
were allowed for degeneration.! 

The methods for mechanical recording, for stimulation and for 
recording action potentials and demarcation currents, were essentially 
the same as those previously described from this laboratory [Brown & 
Euler, 1938; Brown, 19374]. Isometric recording was used throughout, 
except in some of the experiments on amphibian muscle, in which a light 
isotonic lever, freely weighted with 5 g., was employed. The record was 
usually made on a smoked drum by a light aluminium lever. 

Slightly supramaximal ‘shocks were applied to the nerve cies 


shielded electrodes, by means of a neon lamp stimulator. Tetanic and _ 


single stimuli were applied through separate electrodes, the cathodes 

being 2 cm. apart and placed distally in both cases. For direct muscle 

stimulation a silver pin was pushed through the tendon to form one 

electrode, the screw fixing the femur serving as the other. The stimuli 

were break induction shocks, with two volts in the primary circuit, 

which was broken by means of a rotating interruptor of the Lewis type. 
* I am indebted to Dr F. C. MacIntosh for the operations done on cats. 
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_ was added to complete solution. Control injections of the solvent 


a similar manner. Several preliminary injections of acetylcholine 


QUININE ON SKELETAL MUSCLE 47 


Quinine hydrochloride, dissolved in saline solution (0-9 %) acidified 
to pH 4, was used throughout. Control injections of the acid saline 
caused no alteration in the muscle responses. The injection volume was 
0-25 c.c. for the cat’s tibialis muscle, and 0-5 c.c. for the fowl’s gastro- 
cnemius, and 0-1 c.c, for that of the frog. 

The eserine was dissolved in acid saline at pH 4, and the veratrine 
base in 0-9% saline, to which a small amount of weak hydrochloric acid 


evoked no change in the response of the muscle. 
Acetylcholine solution in acid saline at pH 4 was always pre. 
pared just prior to its use. The potassium chloride was made up in 


were always made, at wide-spaced intervals, to ensure a constancy 
of response before quinine was given. 


RESULTS 


The effects of quinine on the responses of muscle to nerve 
stumulation and to direct excitation 

The tension of single twitches. When 0-5-1-0 mg. of quinine is injected 
into the tibialis anterior muscle of the cat, the contractions evoked by 
subsequent maximal motor nerve volleys, delivered at 10 sec. intervals, — 
show a pronounced potentiation (Fig. 1A). The increase in tension is seen 
in the first twitch following the injection and reaches its maximum 
within 30-60 sec. The twitches may become 50-75% stronger than 
before, and this increase in twitch tension persists for periods up to 1 hr. 
A second and third injection frequently produce a further increase in 
the tension, but never as great as the first. That the neuromuscular 
transmitting apparatus is not directly responsible for this effect is 
shown by its occurrence in the twitches evoked by direct stimuli in the 
completely curarized and the denervated muscle (Fig. 1B, C). In the 
completely curarized muscle the effect is usually even more prominent 
than in normal muscle; in the denervated muscle, although the potentia- 
tion appears regularly, the: increase of twitch tension is rarely greater 
than 10%. This is probably due to the fact that the experiments were 
done 10-15 days after denervation, when all the responses are reduced, 
presumably on account of incipient atrophic changes in the muscle 
fibres. Brown & Euler [1938] similarly found that the potentiating effect 
of a tetanus on twitch tension was absent in a muscle examined more 
than 6 days after nerve section. 
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_ This action of quinine is not peculiar to mammalian muscle, but can 


: also be demonstrated in avain and in amphibian muscle, although it is 


not so great in these. In the frog it is rather difficult to obtain. fh 
preparations with the circulation intact, a slight increase in tension 
follows the injection of quinine into the dorsal lymph sac. This increase 
is not observed in a frog’s muscle perfused with Ringer’s solution, except 


with direct stimulation under curare. 


Fig. 1. A, cat, decerebrate, 2-6 kg. Contractions of tibialis anterior in response to maximal 
shocks to nerve at 10 sec. intervals. At arrow | mg. quinine hydrochloride by arterial 
injection (‘‘i.a.”). B, cat, decerebrate, 2-4 kg. Curarine 1-5 mg. intravenously. No 
response to nerve stimulation. Contractions of tibialis anterior in response to maximal 
shocks directly to muscle. At arrow 1 mg. quinine hydrochloride i.a. C, cat, decere- 
brate, 2-9 kg. Contractions of denervated (16 days) tibialis anticus to maximal shocks 
directly to the muscle. At arrow 1 mg. quinine hydrochloride i.a. 


The action potential of the twitches. During the period of potentiation 
of the mechanical response there is also an increase in the amplitude and 
duration of the action potential (Fig. 2). Thus, in one experiment on the 
tibialis anterior of the cat, the action potential of the muscle in response 
to a maximal motor nerve volley showed an increase from 23 to 28 mV. 
in amplitude, and from 17 to 21 msec. in the duration of negativity. 


As can be seen in Fig. 2, no repetitive discharge is demonstrable in this 


enhanced action potential accompanying the potentiated twitch. This 
change in the size of the action potential is not accompanied by any 
significant alteration of the demarcation potential (Fig. 3). The effect 


_ of an arterial injection of quinine on the demarcation potential is some- 


times a little greater, but not always perceptibly so, than that of an 
equal volume of saline. When this small difference, always less than 
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chloride, on the other hand, produces a depolarization much greate 
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0-5 mV., can be detected, it can be attributed to the small contraction 
which is occasionally caused. by the injection of quinine into the muscle 
in such cases, of which Fig. 3 illustrates one. A small dose of potassium 


thaniBmV. 


Fig. 2. Cat, decerebrate, 2°85 kg. Optical isometric myogram and action potential of 
tibialis anterior. Between a and b 1 mg. quinine hydrochloride i.a. Time 10 msec. 


Fig. 3. Cat, decerebrate, 2:2 kg. Myogram of tibialis anterior and demarcation potentia 
‘ recorded with p.c, amplifier. a, calibration 1 mV.; 6, 0-25 c.c. saline solution i.a.; 
c, 1 mg. quinine hydrochloride i.a.; d, 2 mg. potassium chloride i.a. Time 0-5 sec. 


A similar alteration in the form of the action potential occurs in the 
directly stimulated, curarized frog’s sartorius, allowed to bathe in a 
1 : 20,000 solution of quinine. On closer analysis one finds that the time 
from onset of the potential change to its maximum is increased by some 
40%, whereas the duration of the declining phase of the action potential 
may be more than doubled. 
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The tension developed by a tetanus. During the period in which the 
responses of the muscle to a single maximal nerve volley are increased, 
the ability of the muscle to respond to and to hold a tetanus is much 
reduced. After a single injection of 1 mg. of quinine into the cat’s 
tibialis, the tension of the response to tetanization through the nerve, 
at a rate of 50 per sec., reaches only 30-50% of the previous, normal 
maximum, and the tension falls rapidly from this reduced maximum 


Fig. 4. Cat, decerebrate, 2-3 kg. Curarine 1-5 mg. intravenously. Maximal contractions 
of directly stimulated tibialis anterior. A, at arrow, maximal tetanus at 50 per sec. 
for 10 sec. Between A and B, 1 mg. quinine i.a. B, at arrow 1, maximal tetanus at — 
50 per sec. for 10 sec.; at arrow 2, three stimuli through the motor nerve. 


after 1-2 sec., during continued stimulation. After further injections 
of quinine, the tetanic response becomes rapidly reduced, until only the 
initial stimulus of a rapid series is effective, the muscle responding to it 
with a single twitch, equal in tension to that produced by a single nerve 
volley, and quickly returning to its resting tension during continued 
stimulation. That this is largely the result of an action directly upon the 
_ muscle fibres, is clearly shown by the fact that the same changes, in the 
response to a rapid series of shocks, are seen when the fully curarized 
or denervated muscle is stimulated directly, although in the latter 
ns. larger doses of quinine are necessary to produce the effect 
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The action potentials accompanying a tetanus in a muscle ander the 
influence of quinine show a great change from the normal, even at a stage 


Fig. 5. Cat, decerebrate, 4-2 kg. Optical myogram and action potentials of tibialis anterior 
quinine 
_ hydrochloride. Time 10 msec. 


ot 
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the tibialis anterior of the cat before (©) and after ( x ) 1-5 mg. quinine hydrochloride i.a, 


of the action when the mechanical response is still little affected. The 
first potential wave is usually greater in amplitude than the corre- 


sponding one before the injection, ete as the action bse of a single 
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twitch is increased. The subsequent action potentials become pro- 


gressively smaller in amplitude as the stimulation is maintained (Fig. 5). — 


The time course of this effect is seen in Fig. 6. The first response after 
quinine is increased by 10%, but that recorded 400 msec. later has only 
25% of the amplitude of the first. At this stage of the tetanic response 
of the normal muscle, before quinine, very little change in the amplitude 
of the action potential has occurred. 

Potentiation of the responses of a muscle to single, maximal stimuli, 
following a brief period of tetanus, has been described recently by Brown 
& Euler [1938], and shown to occur in denervated as well as normal 
muscle, The injection of quinine does not usually abolish this pheno- 
menon, although it may greatly reduce it. The diminution in the degree 


of post-tetanic potentiation is probably attributable to the reduction — 
produced by quinine in the response to the tetanic stimulation itself. 


The effectiveness of a tetanus in facilitating the transmission of excita- 
tion at the motor end-plate [Brown & Euler, 1938] is also reduced by 
quinine, as will be described later. _ | | 

The effect of quinine on the refractory period of muscle. Experiments 
on the directly stimulated, curarized sartorius muscle of the frog, bathed 


; 
100 ; 


Fig. 7. The summation curve of the tibialis anterior of the cat before (©) and 
after ( x) 1-5 mg. quinine hydrochloride i.a. 


in Ringer’s solution containing 1 : 50,000 quinine, show that, when 
quinine produces an increase in the amplitude and duration of the action 
potential, there is also a prolongation of the interval at which a second 
stimulus will produce an electrical response. In addition, up to a period 
of 20-30 msec., there is a diminution in the size of the second action 
potential. For instance, in one experiment the normal absolute refractory 
period was 1 msec. and, at an interval of 5 msec., the second response 
was 48%, of the first. After bathing in the solution of quinine the 
absolute refractory period increased to 2 msec. and, at an interval of 
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5 msec., the second response was reduced to 10% of the first. This 
lengthening of the refractory period is also seen in mammalian muscle 
responding to a pair of nerve volleys, the second action potential, after 
quinine has been given, being —— and reduced at intervals longer 
than normal. 

Fig. 7 shows the effect of quinine on the summation curve of the 
mechanical response to two nerve volleys. It clearly demonstrates that, 
during the period of potentiation by quinine of a single response, a 
second volley does not evoke nearly as great an increase in the tension 
as it does at a similar interval in the normal muscle. This is probably 
due, in large part, to the fact that, under the influence of quinine, the 
refractory period is considerably prolonged, as described above. 

The effect of quinine on the stimulation threshold of the directly excited, 
curarized muscle. Immersion in quinine produces a reversible decrease 
in the excitability of the muscle to directly applied induction shocks. 
Thus, in one experiment, if the excitability is expressed in terms of the 
resistance in ohms in the primary circuit of the induction coil for threshold 
stimulation, the resting value wasconstant at 49. After 28 min. immersion in 
the quinine solution it fell to 20. Removal of the quinine solution did not 
immediately arrest the decline of excitability and the value fell to 8, 
after which recovery gradually occurred, until, 28 min. after the change, 
the threshold level was at 30 ohms. | 

The action of quinine on neuro-muscular transmission. It has been 
stated above that the potentiation of the responses to single maximal 
stimuli after quinine was usually greater with direct excitation of the 
fully curarized muscle; than with excitation of the normal muscle 
through its nerve. This finding suggested that the full degree of the 
potentiation of twitch tension might, when the muscle was excited 
through its nerve, be masked in part by the failure of some fibres to 
respond, on account of a curare-like action of quinine, blocking neuro- 
muscular conduction and opposing its more obvious potentiating action 
on the twitch tension. To test this possibility, the action of quinine on 
the partially curarized cat’s muscle was investigated. The muscle was 
prepared as usual for arterial injection. Curarine 0-2-0:3 mg./kg. was 
injected intravenously. This dose was sufficient to reduce the tension of 
the responses to maximal nerve volleys to 10 or 20% of its previous 
value, without affecting that of the twitches produced by direct stimu- 
lation of the muscle. When quinine was then injected arterially into this 
partially curarized muscle, the response to nerve stimulation failed 
completely, and yet, at the same time, the usual potentiation of the 
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responses to direct atin occurred. Fig. 8 shows the siniite of a 
typical experiment. When the degree of curarization had reached a steady 
level, 1-0 mg. of quinine was injected. The residual response to maximal 
motor nerve volleys was immediately abolished, the excitability at the 


motor end-plates, already greatly lowered by curarine, being further 


depressed to extinction by quinine; and, at the same time, a potentia- 
tion of approximately 100% was seen in the twitches evoked by direct 
stimuli. 

Boyd [1936] has shown that the interpolation of a brief tetanic 
stimulation of a motor nerve-can relieve a partial curare paralysis. 
Brown & Euler [1938] have demonstrated that this is due to a long 


Fig. 8. ‘Big. 9. 
Fig. 8. Cat, decerebrate, 3-2kg. Curarine 0-5 mg. intravenously. Contractions of the 
tibialis anterior to maximal motor nerve stimuli every 10 sec. At 1, three maximal 


stimuli directly to muscle. At 2, 1 mg. quinine hydrochloride by arterial injection. — 


ee Between 2 and 3, and 3 
and 4, continuation of nerve stimulation. 


Fig. 9. Continuation of-same experiment as Fig. 8. At 1 and 5, maximal motor nerve 


tetanus at 50 per sec. for 10 sec. At 2, 1 mg. quinine hydrochloride by arterial injection. 
At 3 and 4, three maximal stimuli directly to muscle. 


lasting restoration of the depressed excitability at the end-plate, enabling 


single nerve volleys, after the tetanus, to excite additional muscle fibres. 


Fig. 9 shows an example of this effect. At 2, quinine was injected, and 
again raised the threshold to such an extent that nerve stimulation was 
no longer effective. Tetani following this injection of quinine were no 
longer able greatly to facilitate transmission at the end-plates. 
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Antagomsm of quinine to the effects of esterine and veratrine 

Since quinine diminishes the ability of the muscle to respond to 
rhythmical stimulation, it was of interest to observe its action on the 
repetitive responses of the muscle to single nerve volleys under eserine, 
and to single stimuli of any kind under veratrine. 

‘The repetitive discharge due to eserine. Brown et al. [1936] first pointed 
out that the potentiating effect of eserine on the maximal motor nerve 
twitch was due to a repetitive discharge of the nature of a short tetanus. 
They attributed this effect to a diminution in esterase activity, allowing 
the acetylcholine liberated to persist in the neighbourhood of the motor 
end-plates. | 


| Fig. 10. | Fig. 11. 

Fig. 10. Cat, decerebrate, 3-1 kg. Responses of tibialis anterior to maximal motor nerve 
stimuli every 10 sec. A, at arrow 25 yg. eserine by arterial injection. B, at 1, 1 mg. 
quinine hydrochloride; at 2, 25 ug. eserine, by arterial injection. 

Fig. 11. Cat, decerebrate, 2-9 kg. Contractions of tibialis anterior to maximal motor nerve 

stimuli. Initial responses potentiated by a preceding tetanus. At 1, arterial injection 
of 25 ug. eserine. At 2, 1 mg. At 3, 
of 10 pg. acetylcholine. 

When a muscle has received an arterial injection of quinine, the 
similar administration of eserine does not produce an increase in twitch 
tension (Fig. 10), and records of action potential show no repetitive 
discharge. Arterial injection of quinine at the height of an eserine 
potentiation always results in a prompt return of the twitch tensions 
to the normal level, with disappearance of the repetitive response 
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(Fig. 11). The eserine potentiation in amphibian and avian iainted is so 
difficult to reproduce in a uniform manner, that this effect of quinine 
could not be adequately examined in these animals. 

It is obvious, therefore, that quinine antagonizes the effects of eserine. 
The antagonism between the two substances extends also to the pre- 
vention of the potentiating effects of quinine by. the previous injection 
of eserine. Thus, in Fig. 10, the injection of quinine, after subsidence of 
the potentiating action of eserine, did not produce its usual — 


Fig. 12. Hen, pernocton, 3-6 kg. Maximal motor nerve twitches of gastrocnemius at 
10 sec. intervals. Arterial injections of: A, at 1, 15 yg. veratrine; at 2, 1 mg. quinine 


hydrochloride; B, at 1, 1 mg. quinine hydrochloride. - 


The veratrine effect. The characteristic property of the mammalian 
muscle treated with a small dose of veratrine is that it responds re- 
petitively to a single stimulus, causing an increase in the tension developed 
by the twitches. This effect appears either with nerve stimulation of the 
normal, or with direct excitation of the curarized or denervated muscle 
[Bacq & Brown, 1937]. In amphibian muscle under veratrine there is, 
in addition, a second, slow response to a single stimulus, accompanied 
by oscillatory action potentials [Brown & Harvey, 1938c]. The effect of 
veratrine on avian muscle lies between these two. There is a well-marked 
potentiation of the quick responses followed by a small second response, 
which is seen only when the recording paper is moving rapidly. It has 
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been shown previously [Harvey & Kolb, 1937] that the slow response, 
in amphibian muscle under veratrine, disappears when quinine is added 
to the fluid bathing the muscle, while it persists in the opposite leg 


‘soaked only in Ringer’s solution. In both avian and mammalian muscle 


the fully developed potentiation after veratrine is rapidly reduced by 
the injection of quinine (Fig. 12.A). The veratrine effect is always small 
in a muscle which has previously received quinine, even though large 
doses of veratrine (50-100 yg.) are used. This is true of both normal and 
denervated muscle. The second, slow response is also almost completely 
removed in avian muscle (Fig. 12B), as in amphibian muscle. 


Fig. 13. Cat, decerebrate, 2-2kg. Maximal motor nerve twitches of tibialis anterior at 
10 sec, intervals. Arterial injections: A, 1, 10 ug. acetylcholine; B, 1, 1 mg. quinine 
hydrochloride; 2, 10 yg. acetylcholine. 


The effect of quinine on the contraction evoked by acetylcholine 
and potassium chloride 
The effect of quinine on the response of normal muscle to acetylcholine. 
The tension response of the normal mammalian tibialis anterior muscle, 
produced by the close range arterial injection of 5-10 yg. of acetylcholine, 
is regularly greater than that produced by a slightly supramaximal 


_ motor nerve shock. A similar volume of saline solution at the same pH 


causes no contraction. This effect of acetylcholine is almost completely 
abolished by a previous arterial injection of 0-5-1-0 mg. of quinine, 
although at the same time the response to nerve stimulation is 
potentiated (Fig. 13). 
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When optical isometric myograms and action potential records are 
made, the injection of acetylcholine normally produces an irregular 
outburst of action potentials, just preceding and during the mechanical 


response. After a previous dose of quinine only a very small electrical 


response appears, and, as stated above, the twitch is almost completely 
abolished. In the response of the normal fowl muscle to acetylcholine, 


Fig. 14. Hen, pernocton, 2-5kg. Optical myograms and action potentials. Arterial 


injection at a, 10 wg. acetylcholine; 6, 10 wg. acetylcholine; c, 20 mg. potassium 
chloride; d, 10 ug. acetylcholine. Between a and b, 1 mg. quinine hydrochloride. 
Time 10 msec. : 


the quick contraction accompanied by an outburst of oscillatory potentials 
is followed by a slow mechanical response, or contracture, during which 
there is electrical silence [Brown & Harvey, 1938b]. The initial, quick 
phase of the mechanical response to acetylcholine, and the accompanying 
action potentials, are suppressed by quinine, but the contracture is 
present to the same degree as before (Fig. 14). | 

_ Brown [19376] showed that the response evoked by the close arterial 
injection of potassium chloride solution into normal mammalian muscle 
was accompanied by asynchronous action potentials, resembling those 
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produced by a similar injection of acetylcholine in 1000 times lower 
concentration. This response to potassium ions, in contrast to that to — 
acetylcholine, was seen undiminished in curarized muscle. In avian 
muscle potassium chloride, like acetylcholine, evokes a quick contraction 
with action potentials, followed by a slow contracture, during which 
there is electrical silence. In Fig. 14 it is seen that this response to 
potassium is not greatly affected by quinine, although the quick phase 
of the acetylcholine response is almost completely abolished. A similar 
association of a reduced response to acetylcholine and a persistent 
response to potassium chloride is seen in mammalian muscle. Very 
large doses of quinine do, indeed, reduce the effect of potassium; but a 
dose of quinine, already sufficient to abolish the response to acetylcholine, 
may leave intact the closely similar response to potassium ions. The 
—— of this contrast will be discussed later. 


Fig. 15. Cat, decerebrate, 2-8 kg. Maximal direct stimulation of denervated (10 days) 
tibialis anterior every 10 sec. Right leg (A, B, C, D) at arrows, 0-5 yg. acetylcholine 
by arterial injection. 1 min. before each ‘of the last three acetylcholine injections 
0-5 mg. quinine hydrochloride i.a. Left leg (E, F, G) same as right leg but each dose 
of acetylcholine raised to 1-0 yg. 


The effect of quinine on the response of denervated muscle to acetylcholine. 
The response of the denervated mammalian muscle to acetylcholine is 
double in character, as in normal fowl and amphibian muscle; a quick 
twitch accompanied by an outburst of asynchronous action potentials 
being followed by a contracture [Brown, 1937c]. Fig. 15 shows such a 
reaction to the injection of 0-5 ug. of acetylcholine. The quick response, 
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in this case, is not significantly changed by the injection of quinine, but 
with successive doses of the latter the contracture phase of the response — 
to acetylcholine completely disappears, as can be seen in the subsequent — 


records shown in this figure. When larger doses of acetylcholine are used, 
the two phases of the response may become equally depressed by quinine 
(Fig. 15), but never completely abolished. The sensitivity of avian muscle 
to acetylcholine is not as greatly increased by denervation as that of 
mammalian muscle [Brown & Harvey, 1938c]. In some experiments on 
the fowl, the quick phase of the response of the denervated muscle 
was also reduced to some extent by quinine. The prolongation of the 
contracture by eserine is reduced by the previous injection of quinine. 

Bremer & Moldaver [1938] have recently shown that the neuro- 
muscular contracture in the gastrocnemius muscle of the frog, which is 
evoked by two successive stimuli less than 10 msec. apart, is completely 
abolished by quinine. A similar effect of quinine can be demonstrated 
on the post-tetanic contracture of the denervated avian muscle, which 
was described by Brown & Harvey [19385]. 


Discussion 


The experiments recorded in the foregoing sections have shown that 
the effects. produced by quinine, on the responses of voluntary muscles 


{ ee to different kinds of stimuli, are the complex results of several different 


actions of the alkaloid.’ On the response of a muscle to a single, maximal 
induction shock, whether this is applied directly to the curarized or 
nerve-free muscle, or to the motor nerve so as to produce a maximal 
volley of impulses, quinine has a potentiating effect, of such a kind that 
the mechanical twitch and the concomitant action potential are both 
increased in strength and duration. This potentiating effect cannot be 
due, however, to the entry of additional fibres into the responses. 
A maximal induction shock applied directly to the muscle, as to the 
nerve-free end of a frog’s sartorius, produces, under quinine, an action 
potential which may have twice the amplitude of that which accompanied 


the normal twitch of the same muscle before quinine was applied; and — 


it is not credible that the normal muscle should respond to a maximal 
shock with only one-half of its fibres. The effect is, again, certainly not 
due to repetitive response of the fibres; there is evidence, on the contrary, 
that quinine, so far from causing a tendency to repetitive response, 
abolishes a repetitive activity of a muscle produced by other substances. 
_ There is evidence, again, that the excitability of the muscle fibres at the 
end-plates to the transmitted effect of nerve impulses, and to a less 
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degree, elsewhere to stimuli applied directly to the curarized muscle, 
is depressed by quinine. The potentiation being, accordingly, not 
due to a facilitated response of additional fibres, or to a repetitive 
response, it remains to be considered whether it can be accounted 
for by any other action of quinine on muscle, of which independent 
evidence has been obtained. Two points are strongly suggestive in 
this connexion. The single action potential accompanying the twitch, 
as we have seen, is increased in duration as well as in amplitude. This 
increase in duration cannot be due to a greater temporal dispersion of 
otherwise unchanged action potentials from individual fibres; for a 
prolongation so produced would involve a decrease of the maximum 
amplitude. On the other hand, an increased duration of the action 


potential in each fibre would account for the observed increase in both 


the amplitude and the duration of the action potential recorded from 
the whole muscle, without any other change in the action potentials of 
the single fibres. Schaefer [1936] found that the duration of the action 
potential of the response of a single fibre has only about one-half of the 
duration of the summed action potential due to all the fibres, numbering 
about 400, in a frog’s sartorius. The single-fibre potential waves, 
accordingly, are not exactly simultaneous, but succeed one another in 
@ manner involving a large overlap. The degree of this overlap will 
clearly determine the maximum number of fibres simultaneously in 
action, and consequently the amplitude of the resultant action potential 
of the whole muscle; and an increase for each fibre of the time during 
which it is wholly “possessed” by the action potential, will clearly 
increase this overlap, and therewith the amplitude as well as the duration 
of the summed action potential. On the same lines the increased tension 
and duration of the mechanical twitch can be explained by a longer 
persistence of the contraction wave in the single fibre under the influence 
of quinine. The view that such a change in the excitation wave may thus 
increase the tension of a twitch and the amplitude of the concomitant 
action potential, is supported by the observations of D. Brown [1936] 
and Edwards & Brown [1934], on the effects of high pressure on the 
response of a muscle to stimulation. I have attempted to obtain more 
direct evidence of the action of quinine on the potential wave in a single © 
fibre of the frog’s sartorius, by utilizing the twitches of single fibres of 
the muscle, produced by immersion in an isotonic (0-6%) solution of 


pure sodium chloride [Adrian & Gelfan, 1933]; but unfortunately this — 


spontaneous activity is quickly abolished by quinine. On the other hand, 
the demonstrable lengthening by quinine of the refractory period of the 
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muscle may be cited as strongly suggestive, at least, of a retarding effect 
_ on the decay of the excitatory process. 

To complete the picture of the action of quinine on the twitch 
response to a single shock, mention must also be made of the definite, 
though relatively weak, curare-like effect of quinine in depressing 
transmission at the motor end-plates. As pointed out earlier, this effect 
weakens the potentiating action described above, when the muscle is 
indirectly stimulated by single nerve volleys. The potentiation is still, 
under such conditions, sufficient to mask the curarizing effect; but the 
“indirect” twitch is definitely less potentiated by quinine than is the 
twitch evoked by a shock applied directly to the muscle. 

The different and to some extent antagonistic actions, which are thus 
involved in the action of quinine upon voluntary muscle, not only afford 
an explanation of the minor differences between its effects on the single 
twitch, as produced by different kinds of stimulation; they also provide 
an explanation for a major paradox presented by the action of quinine, 
in that it potentiates the single twitch, but greatly depresses the tetanic 
response to a series of shocks. We have seen that longer duration of the 
excitation wave will, by itself, cause the tension of a single twitch to 
rise to a higher maximum, and increase the amplitude of the con- 
comitant wave of action potential; the lengthening of the refractory 
period, however, which is probably another aspect of the same action, 
will have no concern with the dimensions of the single twitch. It is 
obvious, on the other hand, that the lengthening of the refractory 
period will depress the maximum attainable by the tetanic response 
to a rapid series of shocks, while the increased overlap, due to longer 
duration of the responses of the individual fibres to any one shock, will, 
in this case, have little if any effect on the maximum tension attained 
by the fused responses of the whole muscle. As a result, even with direct 
tetanization of the curarized or nerve-free muscle, quinine reduces the 
tension of the response. When the tetanizing series of stimuli is applied 
through the nerve, the curare-like action of quinine comes also into play, 
its depressant action being, in this case, additive to that caused by the 
lengthened refractory period. After large doses of quinine, the response 
to a tetanizing stimulus applied through the nerve may be little more than 
an initial twitch, followed by rapid relaxation during the continued — 
stimulation, as after a weak dose of curare [Briscoe, 1936]. 

It is not surprising that, with an action of such complexity, earlier 
investigations on the effect of quinine on the response of muscle to 
stimulation should have given apparently discordant ‘results. For 
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example, the observations of Santesson [1892], who found that the 
ability of frog’s muscle to perform work was increased by quinine, seemed 
to be in direct conflict with those of Secher [1915], who found that 
quinine had a depressant effect on the response of the same type of 
muscle. The meaning of the apparent discrepancy became clear, however, | 
when Santesson [1919] pointed out that he recorded the twitch responses 
to single induction shocks, of muscles with intact circulation, while 


- Secher, perfusing his muscles with Ringer’s solution, used short periods 


of tetanus to stimulate them. However, Brody & Sollmann [1923] 
stated that quinine caused a depression of the response of the isolated 
frog’s muscle bathed in “modified Locke’s solution” and stimulated 
with single shocks; so that there has not been general agreement con- 
cerning Santesson’s original observations. It may be noted that by 
bathing in a saline solution they introduced another factor which I have 
found to be unfavourable to the potentiating effect of quinine on the 
response of amphibian muscle, even to single shocks; this effect not being 
obtained with any regularity under such conditions, unless the muscle 
is fully curarized and stimulated directly. 

Just as quinine, by prolonging the refractory period, as has been 
suggested, diminishes the tetanic response of the muscle to repetitive 
electrical stimulation, so it diminishes or eliminates the repetitive response 
which the muscle gives to a single stimulus when it is under the influence 
of either eserine ar veratrine; though the mechanisms by which these 
two alkaloids induce the repetitive activity have been shown to be 
entirely different [Bacq & Brown, 1937]. Veratrine causes even the 
curarized or the denervated muscle to give a repetitive response to a 
single shock; and the action of quinine in suppressing this effect of 
veratrine probably involves both the lengthening of the refractory 
period of the muscle and the depressing effect of quinine on the direct 
excitability of the muscle. Eserine, on the other hand, causes a repetitive 
response of the muscle to a single nerve volley, but has no effect on the 
response of the curarized or denervated muscle to direct stimulation — 
[Brown et al. 1936]. The effects of eserine and of a series of synthetic 
analogues in producing this repetitive response of a muscle to a single 
nerve volley were found by Bacq & Brown [1937] to be roughly 
proportional to their anticholinesterase activities; and this was regarded 
as supporting the view that the repetitive response is due to the per- 


sistence, through a succession of refractory. periods, of acetylcholine 


liberated by the nerve volley, and normally destroyed’almost immediately 
by cholinesterase at the nerve endings. On that view, the effect of 
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quinine in lengthening the refractory period might, by itself, provide 


sufficient explanation of the readiness with which it abolishes the 
repetitive response to a single nerve volley which eserine has induced, 
or prevents the production of this effect by eserine, if given in advance 
of it. But quinine, as we have seen, has also a curare-like action in 
raising the threshold at the motor end-plates to motor nerve impulses. 
Curare itself antagonizes the action of eserine on the response to a nerve 


volley, and we shall see that quinine, again like curare, very readily - 
_ abolishes the repetitive response of a muscle to injected acetylcholine. 


There are, accordingly, aspects of the action of quinine, additional to 


those effective against the repetitive response due to veratrine, which 


enter into its action on the eserine effect. There are, indeed, several 
components of the quinine action, of which any one might suffice to 
explain the readiness with which the repetitive response to a single 
nerve volley, which eserine has produced, disappears under the influence 
of quinine. It is much more difficult, in the light of facts yet available, 
to explain the action of eserine in removing or preventing the potentiation 
of the twitch response by quinine. So far as quinine has been shown to 
have any action on cholinesterase, it is in the same direction as that of 


eserine; and the effect of eserine in preventing the quinine potentiation, — 


which we have attributed to a longer duration of the excitation wave, 
must be due to a direct action of eserine on muscle, of which we have, 
hitherto, no other evidence. 

When we come to the action of quinine on the response of the muscle 
to acetylcholine, we encounter what might, if considered by itself, be 
regarded as the first complete discrepancy, between the response of a 
muscle to nerve impulses, and its response to injected acetylcholine. 
While the twitch of the muscle in response to a single nerve volley is 
potentiated by quinine its superficially similar twitch-like response to 
a small arterial injection of acetylcholine is, at the same time, greatly 
reduced or even suppressed; and the same quinine treatment which has 
produced this contrast may leave practically unchanged the response 
of the muscle to an injection of potassium, which, before the quinine was 
given, was closely similar to that evoked by acetylcholine. In considering 
the meaning of these differences, it is necessary to bear in mind the fact 
that, however closely the response of the muscle to an injection of 
acetylcholine may appear to resemble a twitch, the resemblance is 
superficial; the response to acetylcholine being, in fact, a short burst 
of irregular, asynchronous tetanus, even with the most rapid injection 
[Brown et al. 1936]. 


- 
be > 
ay 
a 
4 
3 
4 
be, 
< 
‘ey 
AS 


QUININE ON SKELETAL MUSCLE 65 


We have already seen that the regular tetanic response of the muscle 
to a rapid series of nerve volleys is depressed by quinine, the lengthening 
of the refractory period and the curare-like effect on the end-plate 
threshold combining to produce this depression. Curare itself, in a dose 
which scarcely affects the response to a single nerve volley, prevents 
the muscle from holding a tetanus in response to a rapid series [Briscoe, 
1936]; and the response of the muscle to an injection of acetylcholine 
is, likewise, much more sensitive to curarine than is its response to a 
single nerve volley [Brown e¢ al. 1936]. We have, therefore, as in the 
case of the tetanus, two actions of quinine adverse to the response of 
the muscle to injected acetylcholine, viz. the lengthening of the re- 
fractory period and the rise of end-plate threshold, of which the former 
cannot affect the twitch response to a single nerve volley, while the 
latter, as we have seen, is overpowered by the potentiating effect on the 
twitch of altered conduction in the muscle. With these considerations 
in mind, the contrast between the depression by quinine of the response 
to injected acetylcholine, and its potentiation of the response to a single 
nerve volley, no longer appears anomalous. It is more difficult to explain 
the failure of quinine to depress the response to a sudden injection of 
potassium ions. If the lengthening of the refractory period played an 
important part in depressing the response to acetylcholine, we should 
expect this also to affect the response to potassium, which is a similar 
burst of irregular tetanus. The fact that curarine also abolishes the 
response to acetylcholine, without seriously affecting that to potassium, 
suggests that the curare-like action of quinine on end-plate threshold 
may be the chief factor in its depression of the responses to acetylcholine 
and that lengthening of the refractory period is little concerned in this 
_ effect. However that may be, the contrast between the liability of the 
acetylcholine contraction to depression by quinine, and the resistance 
of the potassium contraction to the same influence, is suggestively 
similar to the contrast between the same two responses in respect of 
liability to depression by curarine. One way of interpreting the contrast 
would be to say that acetylcholine acts on the motor end-plate, the 
excitability of which is depressed by curarine or by quinine, so that the 
threshold of the muscle for motor impulse or for acetylcholine is raised 
by these substances; whereas potassium ions act on some other part of 
the muscle fibre than the motor end-plate, and the response to them is 
accordingly little affected by curarine or quinine. The same observed 
facts, however, would be equally well accounted for, if it were supposed 
that acetylcholine and potassium produce their very similar stimulating 
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effects on the same structure, the motor end-plate, the excitability of 
which is lowered by curare or quinine specifically for acetylcholine, but 
not for potassium ions; just as Brown & Feldberg [1936] found that 
curarine in a suitable dose rendered the cells of a ganglion insensitive 
to acetylcholine or preganglionic impulses, leaving them still fully 
responsive to potassium ions. On the responses of the normal avian and 
amphibian muscle to acetylcholine, the effect of quinine is of the kind 
which its action on normal mammalian muscle would lead one to expect. 
Avian and amphibian muscles respond to acetylcholine with a quick 
contraction, accompanied by an irregular burst of action potentials 
followed by a relatively persistent contracture, during which the muscles 
are electrically “silent”. Quinine, as would be expected, abolishes the 
initial quick phase, and leaves the contracture little affected. 

In contrast to these effects, the actions of quinine on the responses 
of denervated muscles present a number of anomalies, and are difficult 
to interpret. The greatly sensitized response of denervated mammalian | 
muscle to acetylcholine resembles that of normal avian or amphibian 
‘muscle in having an initial quick phase with oscillatory action potentials, 
followed by an electrically “silent” contracture; but quinine surprisingly 
suppresses the contracture phase of this response of the denervated 
mammalian muscle before it affects the initial quick phase. It may be 
recalled that curare also affects the second, contracture phase of the 
response of the denervated mammalian muscle to acetylcholine at least 
as readily as it affects the initial, quick phase. It would be impossible 
to interpret these effects of the depressant alkaloids in terms of action 
at different points or on different structures of the muscle fibre. At 
present they can only be recorded, their main interest being in the 
additional evidence they afford, of the similarity of one of the actions of 
quinine on voluntary muscle to that so characteristic of curarine as to 
be commonly named by reference to that alkaloid. 


SUMMARY 

1. Quinine has been shown to have a number of actions on skeletal 
muscle, on the motor end-plate, and on the responses of the muscle to 
various other drugs. These actions have been studied in mammalian, 
avian, and amphibian muscle, 

2. It causes an increase in the tension response to a single feasinal 
stimulus in normal, curarized, and denervated muscle. This mechanical 
potentiation is accompanied by an increase in the amplitude and 
duration of the muscle action ices 
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3. The ability of the muscle to respond to a tetanus is diminished 
on account of an increase in the refractory period of the muscle fibres. 

4. The excitability at the motor end-plate is lowered by quinine, 
and the ability of a tetanus to facilitate conduction at the end-plate is 
weakened or abolished. 

5. Hserine and veratrine are no longer able to evoke a repetitive 
response to a single stimulus in a muscle which has been treated with 
quinine. 

6. The response of the normal mammalian muscle to injected acetyl- 
choline is abolished by quinine. This phenomenon is due largely to the 
curariform action of the drug, the otherwise very similar response to an 
injection of a potassium salt being little affected. The action of quinine 
on the response of denervated muscle to acetylcholine is discussed. 


_ I wish to express my appreciation to Sir Henry Dale for his interest during the course 
of this investigation and to Dr G. L. Brown for his help in many of the experiments. 
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THE COMPOSITION OF PARTICLES SEEN IN 
NORMAL HUMAN BLOOD UNDER DARK- 
GROUND ILLUMINATION 
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noted since the earliest times. The dark-ground picture was, however, 
first described by Edmunds [1877]. Miiller [1896], using direct lighting, 
described particles in the blood which he termed ‘“‘Haemokonien”’. 
This “blood-dust” is probably identical with the very large bright 
particles which are seen in the dark-ground picture after a heavy, fatty 
meal. The other particles described by us [Frazer & Stewart, 1937 a] can 
only be seen under dark-ground illumination and are quite invisible with 
an optical system such as that used by Miiller. The term “ Haemokonien”’ 
should not be applied to the particles considered in this paper for which 
the terms chylomicrons, for those: particles derived from the fat-laden 
chyle, and lipomicrons, for those coming from other sources such as the 
fat depots, are preferred. At the beginning of the century the position 
was clarified to some extent by Raehlmann [1905] and Neumann [1907] 
who confirmed the presence of the particles, but their composition still 
remained uncertain. Neumann suggested that the particles were fat 
from the ingested food; Raechlmann, on the other hand, considered them 
to be granules of disintegrated leucocytes. Other suggestions include the 
possibility of their being protein, contaminants from the skin or even 
parasites [Kahane, 1895]. 

Gage & Fish [1924] have studied the behaviour of the larger particles. 
They considered them to be fat, but gave little evidence to support this 
supposition. Changes in the colloidal state of the serum under patho- 
logical conditions have been examined by McDonagh [1927] and Peters 
[1937], and they suggest that the particles are protein. Cunningham & 
Peters [1938] from studies on pig serum agree that the bright particles 
1 Sir Halley Stewart Research Fellow. 
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are essentially neutral fat, but they put forward evidence supporting the 
view that the dull particles may be protein. What proportion of the bright 
particles in pig’s serum is formed by chylomicrons or lipomicrons, and 
whether the dull particles are really comparable to those found in 
human blood, has yet to be determined. 

From a careful study of the particles in various sicoalobhaien! con- 
ditions of health we have stated [Frazer & Stewart, 1937a] that they are 
essentially fatty in nature. The object of this communication is to cor- 
relate the evidence upon which this statement is based. 


BIOCHEMICAL AND PHYSICAL INVESTIGATIONS 
Extraction with fat solvents 

It is impossible to extract the particles without upsetting the colloidal 
structure of the serum and thus interfering with investigations under 
dark-ground illumination. Satisfactory extraction of fat can only be 
effected by treating the precipitated protein with fat solvents which is 
the basis of the alcohol-ether extraction of serum in Bloor’s method. It 
is impossible to remove all the fat from a finely dispersed oil-in-water 
emulsion by the simple addition of a fat solvent unless a great excess 
of solvent is added. This can readily be demonstrated on oil emulsions of 
known composition. When a water-insoluble fat solvent is added to 
serum a@ further difficulty arises from the spontaneous emulsification of 
the solvent in the serum. The action of some common fat solvents and 
other substances on the serum as seen under dark-ground illumination is 
shown in Table I. All these reactions have been seen on many occasions 
and form a constant picture for the particular solvent considered. 


| Precipitation reactions 

Half-saturation with ammonium sulphate causes precipitation of the 
particles. If a slide of serum is observed under dark-ground illumination 
while an equal volume of saturated ammonium sulphate is run under the 
cover-slip, mobility of the particles diminishes, clumps begin to form, 
and in a few minutes precipitation is complete. There is, however, no 
definite increase in the visible particles throughout this phenomenon. 

Full saturation with sodium chloride produces a similar picture to the 
above, but full saturation with ammonium sulphate causes a very marked 
increase in the size and number of visible particles. The picture with full 
saturation with ammonium sulphate strongly resembles that seen with 
alcohol and represents complete precipitation of the plasma proteins. 
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Tastu I. Effect on the dark-ground picture of serum of mixture with 
various substances including the common fat solvents 


Effect on the dark-ground picture 
‘Brownian Number of 
Substance movement particles ping Notes 
water 0 - 0 Dilution 
- - + 
HCl 0 - 0 Dilution 
Fat solvents: 
Benzene ++ +++ 0 Emulsification 
Toluene ++ +++ 0 Slower than benzene 
CHa, ++ +++ 0 
CH ++ +++ + Some clum 
Alcohol ++ +++ +++ Ppt. proven 
Acetone ++ +++ +++ alcohol 
Ether ++ +++ ++ Feathery 
Petroleum ether 0 0 eee 
Xylene 0 ae 0 Nil 
Other substances: 
Phenolt ++ +4 ++ Feathery pH 
Benzoic acidt 0 pH.4-5 
Salicylic acidt 0 0: 0 pH 45 
Interpretation 
Brownian movement: Number of particles: 
~ Cessation of movement Only moving layer counted 
+ Slight increase 0 No change 
++ Markedincrease _ + Slight increase 


++ Marked increase (about double) 
+++ io Regs increase (more than 
x 


0 No clumping: all particles remain discrete 
+ Some clumping forming small aggregates 
++ Particles form feathery clumps: all visible particles eventually precipitate 
+++ Complete precipitation with great increase of visible particles 
* In this instance the particles remain more or leas discrete and become adsorbed to the 


slide. 
Pa See later for further details when acid is added to serum. Equal amounts of serum and 


are mixed in each case. 
Effect of change of pH. 

Technique. To 0-2 c.c. of fresh serum an equal volume of hydrochloric 
or sulphuric acid of dilutions ranging from 3N to N/200 is added. A 
large drop, enough to give an overflow at the edge of the cover-slip, is 
mounted on a slide. After standing for 15 min. it is examined under 
dark-ground illumination. In a large number of experiments, clear-cut 
and identical results have always been obtained. The pH of the various 
mixtures has been estimated using the glass electrode. The pH range is 
from 7-4 to about 1-0. Passing from the normal pH towards the acid side 
nothing abnormal is seen until between pH 6-0 and 5-0. At pH 6-0 there is 
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normal mobility and dispersion with no clumps. Taking the next most 
acid mixture with a pH between 6-0 and 5-7, mobility is less marked and 
clumps are forming. At a pH of 5-3 the particles are almost completely 
immobile and are clustered in large groups. Going on from this point 
mobility is restored at about pH 5, and below this there is normal disper- 
sion and movement until almost pH 1-0, when complete precipitation 
of the protein occurs. These changes are illustrated in Text-fig. 1. It is 
significant that decrease of mobility coincides with the isoelectric point of 


the globulin. 
Iso-electric poimt 
Brownian movement Normal ————}} Sluggish Arrested Anened 
pH (glass electrode) 60 53 5-0 


CE. Pl. fig. 3 Cf, Ph I, fig. 3 


Text-fig. 1. In the pH range 7-4-1-5 the particles show normal distribution and movement 
except between pH 6-0-5-0. Here, movement becomes sluggish and clumps form; 
complete arrest of movement occurs at pH 5-3. There is no increase in the number of 


particles at this stage. At a pH of nearly 1-0, movement is again arrested and the - 


number of particles is very markedly increased. 


a Action of enzymes 
The action of enzymes has been studied but the results are not 


satisfactory. It was not possible to get pancreatic lipase entirely free _ 


from trypsin, and thus differentiation of fat from protein could not be 
made by this method. Lipase obtained from other sources such as castor 
oil seeds has not given much success, largely due to the abundance of 
particles present in the enzyme solution. 

As a very thin layer of serum in which the particles could be seen 
under dark-ground illumination was essential, a special micro-electro- 
phoretic cell was constructed. This cell, which is illustrated in Text-fig. 2, 
consists of a suitable microscope slide on each end of which is printed a 
gold-leaf transfer. These thin transfers form the anode and cathode of the 
cell which is completed by the thin film of serum under a cover-slip which 
overlaps the electrodes at each end. The dark-ground picture is studied 
and the changes noted momentarily as the current is switched on. It is 
essential that immediate observation is made since eddy currents and 
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bubble formation soon upset the picture. Further, only certain layers 
should be focused. Smoluchowski [1914] showed that the layers in the 
ordinary electrophoretic cell which should be studied are placed at levels 
one-fifth and four-fifths the depth of the cell. From observations with 
finely dispersed emulsions these eddy currents as indicated in Fig. 2 can 
be made out. A represents the flow of water along the surface of the 
negatively charged glass, and B represents the return flow, since a thin 


Text-fig. 2. (a) Diesgram of micro-electrophoretic cell. Striped areas represent gold-leaf- 

transfer electrodes. (6) Diagrammatic elevation of micro-electrophoretic cell. That 
part of the slide which lies under the cover-slip is disproportionately magnified to 
illustrate the eddy currents in the cell which are described in the text. 


film enclosed between two glass plates can be fairly regarded as a closed 
cell. Between A and B lie a series of planes in which the velocity is 
getting less and less until eventually the flow runs in the opposite direc- 
tion. C represents that plane where the velocity of water flow is zero. 
Any movement in this plane is therefore essentially due to cataphoresis. — 
As stated, the planes to be examined lie at one-fifth and four-fifths of the 

depth of the cell, and these distances are measured with the fine adjust- 

ment before starting. From observation with this cell it can be seen that 
the particles carry a negative charge. The migration rate has not been 

‘measured since it is not possible to do more than determine the simple 

electrical state with a primitive cell of this type. 
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QUANTITATIVE INVESTIGATIONS | 
Estimation of neutral fat 

The neutral fat, including triglycerides, cholesterides and soaps, in the 
serum has been determined by various methods and compared with the 
particle counts [Frazer & Stewart, 19360] made on the same material. 
The methods used are those of Bloor [1928], Stoddard & Drury [1929] 
and also a gravimetric modification of the former. We have found that 
Bloor’s method gives very divergent results with control solutions con- 
taining known amounts of fat. From experiment it is found that this 
error arises in the chromate oxidation stage. Stoddard & Drury’s method 
requires large amounts of material, which is not satisfactory for serial 
investigation. The gravimetric modification which is briefly described 
here gives the most reliable results in control experiments and shows a 
percentage error of less than +5 %. 

Gravimetric modification of Bloor’s method. The reagents used are the 
same as in Bloor’s method [1928] with the exception that the chromate 
oxidation is omitted and therefore the reagents required for this can be 
left out. The extraction of the serum is carried out according to Bloor’s 
technique using 2c.c. of serum. The process is carried through to the 
light petroleum extraction and the 50 c.c. of mixture is divided into two 
25 c.c. aliquots.: Each of these is placed in a wide-mouthed, spouted, 
light glass dish which has been previously weighed. Each dish is then 
evaporated to dryness in a desiccator at room temperature. The dish is 
usually ready for weighing in about 14 hr. After weighing, the dish is 
returned to the desiccator for a further 30 min. after which it is weighed 
again. This procedure is repeated until a constant weight is obtained. One 
repetition is usually found to be sufficient. In all weighings the vessel is left 
in the closed balance with the weights until constant conditions are present 
throughout the whole system, when the final reading is taken. This equilibra- 
tion takes about 15 min. and the weight is then found to remain constant. 

A number of blank control estimations must be made at the same time 
as the main extraction. These are a blank estimation of the reagents, 
using Ringer’s solution instead of serum, to determine the light petro- 
leum-soluble fraction in the reagents. Also the phospholipid fatty acid 
must be estimated. This is done by retaining an aliquot of the original 
alcohol-ether mixture. This is evaporated to dryness and the residue 
extracted with chloroform. The phosphorus is then estimated by the 
method of Harnes [1928]. This phospholipid estimation does not neces- 
sarily give the total phospholipid content of the blood but only that which 
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gives rise to fatty acid in the final residue. Finally, the cholesterol is 
estimated from the weighed residue of one of the dishes using Myers & 


Wardell s [1918] method. ? 
Total weight of ether-soluble material from 1c.c. of serum 

by addition of the two weighings ... 
Total weight of light petroleum-soluble canter inblank ... Bmg. 


Cholesterol readings: Standard S. 
Phospholipid readings: Standard 8’. 


Weight of neutral fat in serum (reckoned as fatty acid) 


This method has been tried with various control solutions with a view 
to discovering its percentage error. The results of these Te are 


shown in 


6-7" 65 66 66 65 66 65 68 67 - 66 


Unknown U. | 
Unknown U’. 


[4—(B+10 5+0-91 |x 100 mg./100 


Table II. 
II. Gravimetric method 


(1) Percentage errors with control solutions 
Estimated fat wt. (mg.) 


* Equivalent of neutral fat reckoned as fatty acid. Maximum percentage error on 
one estimation is % to +1-9%. Average error on series is 


(2) Percentage errors with serum (variable) fat (constant) mixtures 


Mixtures in c.c. 

Estimated wt. Calculated wt. 

Serum Emulsion mg. mg % error 
3-0 0-0 (control) 23-6 — one 
30 10 58-2 55-7 
2-0 1-0 48-3 47-9 
1-5 10 41-8 43-9 -48 
10 10 38-1 40-0 -47 
0-5 10 35-4 36-0 -1-7 
0-0 1-0 (control) 32-1 

(3) Percentage errors with serum (constant), fat (variable) mixtures 
Mixtures in ¢.c. 

Estimated wt. Calculated wt. 

Serum Emulsion mg. mg. % error 
2-0 0-75 31-7 30-1 
2-0 0-60 27-5 26-5 
2-0 0-45 23-7 22-9 
2-0 0-30 19-9 19-3 +3-0 
2-0 0-15 6-2 15-7 +31 
2-0 0-00 (control) 121 —_ sans 

basis estimations of the serum and emulsion to be correct 


error is calculated. This is within +5 %. 
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Comparison of neutral fat, cholesterol and 
particle counts 
Using this method and Bloor’s method the results compared with 
particle counts on the same specimens have been as shown in Table III. | 
The cholesterol was estimated in these experiments by the method of 


M & Wardell [1918). 
Tasiz III 


Particle 
Spec. no, mg./ ee count 
Bloor’s method 


Crm bo 


bj bey TD 


acid im mg./100 


—--—-Cholesterol in mg./100 c.c.. 


3 


Text-fig. 3. Illustrating the parallelism of neutral fat (fatty acid) and particle curves and 


Particle counts were also made simultaneously with estimations of 
phospholipid by the technique of Harnes [1928] and of protein which was 
determined by the method described by King, Haslewood & Delory 
[1937]. The results of these analyses are shown in Table IV. 


537-0 215-3 85 3 
645-6 179-2 215 
618-7 161-5 135 
642-9 257-7 158 
451-3 173-6 25 
Gravimetric method 3 
568-5 122-1 95 i 
651-7 199-0 200 
535-3 172-2 65 
441-6 202-8 25 i 
873-0 294-5 160 
933-7 187-1 180 3 
800-2 213-1 85 
= 225 4 
; 
/ ‘ 175 
\ 
‘ . 
> 
% 
3 
| 
25 
3 4 > 4 
Specimen no. 4 
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Tastz IV 
| ospholipid, Protein, Particle 
Spec. no. mg.]100 g./100 c.c. counts 
1 3 5-90 14 
2 132-0 5-25 66 
3 95-3 5-01 84 
4 128-1 198 
5 101-4 5-52 


— - — - Protein in g./100 


> 
+ 


Text-fig. 4. Illustrating absence of simple relationship between protein or phospholipid 
values and particle counts. 


Centrofugation 


Since the only filters we have so far obtained do not dissociate the 


different types of particle, centrifugation has been tried. We have been 
unable to differentiate the dull and bright particles by this means but 
combination of centrifugation with particle counts and analyses affords 
some confirmation of our other findings. The first series of experiments 
were conducted using a high-speed air-driven centrifuge. The serum was 
spun at 40,000 r.p.m. for 1 hr. The material was then pipetted off in 
three layers, upper, middle, and lower third respectively. The results of 
this experiment were, however, anomalous. This was thought to be due to 
the contamination from the upper layers to the lower by the adherence of 
a fat film to the sides of the container. The experiment was repeated at a 
slower speed using a specially constructed centrifuge tube closed at its 
lower end with a cork. This was spun at 3000 r.p.m. for 1 hr. The cork was 
then perforated with a needle and the lower, middle and upper layers 
were withdrawn into syringes in this order. In this way contamination of 
the lower layers by the upper was avoided. The results of the analyses and 
particle counts in the various layers are shown in Table V. 
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Taste VY. Centrifugation of serum 
Series A. Using air-driven ultra-centrifuge. The serum was spun at 40,000 r.p.m. for 1 hr. 


Particles 
"Brownian Fatty acid id protein 
Serum bright Dull movement mg./100c.c. mg. g-/100 c.c. 
Spun: ighly refractile globular 
mobile i 

Middle 0 5 10 + 
Bottom 0 5 10 + - ns 


the text, it was impossible to obtain accurate analytical results. The particle counts after 
centrifugation showed definite concentration in the top creamy layer. 


Series B. Using slower centrifuge. ro 


parti 
Unspun 870 270 Se 1551 65-1 6-2 
1500 300 ++ 1856 83-3 6-1 
720 600 +t 1452 71-9 - 
Bottom 200 250 + + 1410 84-5 6-0 


This serum was taken after a very fatty meal. 


Measurement of size 


We have in the past made several attempts to measure these particles 
by various methods, but we have never felt very convinced of the 
accuracy of our results. Dr Merling-Kisenberg, using specimens of blood 
prepared by us, very kindly carried out a measurement of their size by 
the method he has described [Merling-Kisenberg, 1937]. The principle 
of this method lies in determining the optical system at which perfect 
resolution of the particle is first obtained. From the optical properties of 
the system which will just resolve the particle, its size can be calculated. 
He found that the large brights were about 1. in diameter, the small 
brights about 4-4. and the dulls very much smaller, the smallest being 
about 35my. There is a gradation of size from the large brights down to 


the smallest dull particle. 


PHYSIOLOGICAL CONSIDERATIONS 


The correlation of the particle counts to varying physiological con- 
ditions, particularly the ingestion of fatty food, has been discussed by us 
in considerable detail elsewhere [Frazer & Stewart, 1937a]. A brief 
summary of these observations will be sufficient here. 
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Alterations in the number of particles seen under dark-ground only 
occur in relation to ingestion of fatty food [Frazer & Stewart, 19365). 


Thus, after a meal containing fat, there is a marked increase in the ~ 


number of particles which starts some 1}hr. after ingestion and is 
completed in 44 hr, A rise, which is much smaller than this main rise, 
occurs within }+} hr. of ingestion and has been termed the initial rise. 
This initial rise is due to the passage of fatty residua from the previous 
meal into the blood stream. Its occurrence depends upon the presence of 
fat in the previous meal and it takes place whether the immediate meal is 
fatty or not. If carbohydrate or protein is ingested no change in the 
particles occurs. In starvation the particles fall to a very low basic level 
at which they are maintained. From time to time during starvation 
marked rises occur which only last for an hour or so, it is thought that 
these sudden increases in the number of particles may represent mobiliza- 
tion of fat from the fat depots and they have been tentatively termed 
“‘fat crises”. All our observations in the physiological field have shown 
the particles to be bound up with changes in fat and have failed to show 
any relationship at all between the particles and carbohydrate, = or 
any other material. 
Discussion 
The dark-ground study of the serum when mixed with various other 
substances shows some interesting phenomena. As indicated in Table I, 
the additions of water and saline simply cause a diminution of the number 
of particles per field by dilution. No other effect is seen. When alkali is 
added there is a marked tendency for the particles to run together to 
form larger particles which then settle out on the slide. There is no clump- 
formation, as seen with acids, but rather true creaming. The action of 
acids is discussed later. The common fat solvents can be divided into three 
groups: firstly, those that emulsify themselves in the serum; secondly, 
those that precipitate protein, and thirdly, a group that have no apparent 
action. Examples of the first are benzene, toluene and carbon tetra- 
chloride; of the second, alcohol and acetone, and of the third, light petro- 
leum and xylene. The solvents that emulsify in the serum present a 
striking picture as the field gradually becomes filled with a teeming mass 
of bright particles (Pl. I, figs. 1, 2). If the edge of the serum is examined 
where it is in contact with the benzene the process of emulsification can 
be watched as it spreads farther and farther into the serum. The benzene 
can be recovered from the serum again by centrifuging. The action of 
alcohol and acetone is to precipitate protein, and this is best studied on a 
relatively empty serum. A few sluggishly moving particles are seen, but 
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as soon as the alcohol is added there is complete precipitation and masses 
of bright particles suddenly make their appearance in the field (PI. I, 
fig. 3). The main point in connexion with these changes lies in the great 
difficulty in extracting particulate fat without changing the whole colloid 
picture. Thus it is impossible to watch the particles disappearing under 
the action of a fat solvent, nor is it safe to assume that the particles are 


not fat because they can still be seen. From the few points made above it 


is clear that the field may be flooded with entirely new particles which 
may be precipitated protein or even emulsified reagent. Evidence, there- 
fore, which is based upon any such observations must be very carefully 
examined. 

The precipitation reactions given by the particles strongly suggest an 
association with protein. This does not necessarily mean that the whole 
particle is proteinous, since exactly the same reactions would be expected — 
if the particle possessed an adsorbed protein film as suggested by Ludlum, 
Taft & Nugent [1931]. These workers noted decreased movement and 
flocculation of the particles at pH 4-6-5-4 and concluded, therefore, that 
the adsorbed film was a mixture of albumen and globulin. We have found 
immobility and maximum flocculation at pH 5-3 and diminished 
movement at pH 5-0-5-7. This has been a constant finding in 26 experi- 
ments and suggests that globulin rather than albumen is adsorbed at the 
interface which is in accordance with the effect of half-saturation with — 
ammonium sulphate (PI. II, figs. 1 and 2). That albumen is not involved 
is also indicated by the great increase in the number of particles with 
full saturation with ammonium sulphate and by the absence of te 
change in the behaviour of the visible particles at pH 4-0-5-0. 

At pH 1-0 dehydration of the protein and complete precipitation occur. . 
None of these reactions suggests a difference between the dull and the 
bright particles. The action of enzymes has been disappointing, due to 
technical difficulties in the preparation of the enzyme solutions. There is a 
definite diminution in the particles when pancreatic lipase is added to the 
serum, but trypsin is also present, and thus no information is obtained as to 


the possible protein or lipoid nature of the particle. 


Examination of the electrical properties shows that the particles are 


negatively charged. Fat particles in a finely dispersed emulsion [Frazer 


& Walsh, 1933] carry a negative charge and display much more violent 
Brownian movement than those in the blood. The migration rate is very 
much slower in the case of serum than in these finely dispersed emulsions. 
With the cell described only momentary observations can be taken since 
the electrodes are non-polarizable. Quantitative biochemical investiga- 
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tions have been made in the hope of gleaning further information. These 
have included estimations of the fatty bodies and the proteins and com- 
parisons of them with the particle counts. It was found that the protein 
content of the serum appeared to be unrelated to the counters whereas the 
fatty bodies varied in a parallel manner. On further investigation it was 
possible to show that the cholesterol and phospholipid fractions of the 
blood fat did not vary in the same way as the particle counts. The neutral 
fat was found to give an almost identical curve in every case. The actual 
pitch of the curves is slightly different but the general variations are the 
same. This is perhaps what one might expect because the particles seen 
after a fatty meal contain a relatively large number of bright particles. 


It is not suggested that the particle counts give any direct reading of the — 


blood fat but merely that serial counts give a reasonable indication of 
whether the blood fat is increasing or diminishing. 

The possibility of the particles being artefacts, contaminants such as 
bacteria, granules from disintegrated leucocytes or blood platelets must 
be considered. The close relationships between ingestion of food and 
particle counts, the constancy of the findings and the biochemical 
correlations rule out the possibility of artefacts or contaminants. The 
particles are not the correct size for platelets and no alteration occurs on 
clotting or under conditions in which platelets are known to vary. There 
is no evidence of leucocytic disintegration in relation to particle curves 
and no relation can be found between the rate of destruction of leucocytes 
and the particle counts. From these investigations it seems most likely 
that the particle consists mainly of fat. This is either triglyceride or 
cholesteride, most probably the former. At the interface between the 
_ fat and the dispersed aqueous phase there may be an adsorbed layer of 
globulin which gives to the particle certain characteristic reactions. Such 


@ conception is in accordance with our experimental findings and with the 


physiological changes which occur in the blood when fat is ingested. We 
have tried to discover whether there is any essential difference between 
the bright and the dull particle [Frazer & Stewart, 19376]. Up to the 
present everything that happens to one affects the other in an exactly 
similar manner and the only difference found is that of size. Until more 
evidence is available in support of Cunningham & Peters’s [1938] hypo- 
thesis, we consider that the dull particle is simply a smaller type of bright 
particle and that there is no essential difference between them. 


a 
ag 
Nd 
é 
¢ 
4 
ht. 


‘PARTICLES IN NORMAL BLOOD 81 


SuMMARY 


1. The action of various fat solvents and other substances on the 
serum as seen under dark-ground illumination is described. Precipitation 
of protein, emulsification of solvent and difficulty of extraction are but a 
few of the pitfalls in this method of investigation. 

2. Precipitation reactions show diminished particle movements with 
half-saturation with ammonium sulphate. Full saturation causes a great 
increase of particles. 

3. Over a wide pH range immobility is found at pH 5-3 with normal 
movement below and above this point. Complete peceepeenen occurs at 
pH 1-0. 

4. Action of enzymes and attempts at filtration have not afforded | 


much information. 


5. Electrophoresis shows the particles to be negatively charged. 

6. Analyses show parallelism between the neutral fat content of 
blood and particle counts. No definite relationship can be shown with 
cholesterol, phospholipid, or protein. 

7. A gravimetric modification of Bloor’s method for estimating 
neutral fat in the blood is described. 

8. Centrifugation experiments have borne out the other findings. 
Thus the particles accumulate in the upper layers. 

9. The particles have been measured and are found to range from the 
large bright at 1. to small bright at $y. down to the smallest dull 
particle at 35my. 

10. All the physiological investigations point to an association 
between the particles and neutral fat. 

11. The conclusion arrived at, taking all the various points into con- 
sideration, is that the main bulk of the particle is fatty and that there may 
be a layer of adsorbed globulin at the oil-water interface. 


We should like to thank Prof. J. McIntosh for kindly providing the facilities for us to 
use his high-speed centrifuge, and Dr Merling-Eisenberg for much useful criticism and 
advice from the optical standpoint and for very kindly making measurements of the 
particles for us. Mr Wilfred Wateon Baker has given us the benefit of his experience in 
many problems we have had to face. Dr Shaw kindly helped us with the pH estimations by 
glass electrode, We are deeply indebted to Dr J. Cater for his most helpful assistance 
especially with the photography. Finally, we should like to thank the Sir Halley Stewart 
Trost for their generous financial support. 
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EXPLANATION OF PLATES | AND II 


Conditions under which all the following photographs were taken: dark-ground illnmi- 


nation; carbon arc lamp; 1/12 in. oil immersion objective; x5 eyepiece; 12 cm. camera 
extension; panchromatic plates; 1-2 sec, exposure. 
Prats I | 
Fig. 1. Spontaneous emulsification of benzene in serum. The two black areas are benzene 


and the serum between them is teeming with particles which are in greater numbers 


near the interface. 
Fig. 2. A later stage in the emulsification of benzene in serum. The myriads of minute 
particles of benzene can be removed by centrifugation. 


Fig. 3. Sudden increase in the number of visible particles when aloohol is added to serum due 


to the precipitation of protein. nae 


Fig. 1. Half-saturation with ammonium sulphate causes cessation of Brownian movement 

and clumping of the particles. An early stage in which feathery groups are forming is 
_ shown here. 

Fig. 2. Final stage of immobility and clump formation in serum half-saturated with am- 
monium sulphate. During this phenomenon there is no increase in the number of 
visible particles. 

Fig. 3. A full serum, with the pH adjusted to 5-3, showing arrest of movement and clump- 

ing. Above and below this pH normal mobility and dispersion is seen. 
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MAINTENANCE OF PREGNANCY IN THE 
HYPOPHYSECTOMIZED RABBIT BY THE 
ADMINISTRATION OF OESTRIN 


By J. M, ROBSON | 
the Department of Pharmacology, University of 
(Received 21 October 1938) 


Ir is well known that hypophysectomy in the rabbit during the later 
stages of pregnancy is followed within 24-48 hr. by the expulsion of the 
uterine contents. That this is due to the cessation of the luteal function 
which follows withdrawal of the pituitary activity is indicated by the 
facts that either replacement of the luteal secretion by the injection of 
progesterone, or maintenance of the luteal function by the administration 
of gonadotropic hormone, will prevent abortion in such hypophy- 
sectomized animals and lead to the continuation of pregnancy [Robson, 
1937 a]. 

More recent work has shown that the luteal function in the hypophy- 
sectomized pseudo-pregnant animal can be maintained by the adminis- 
tration of crystalline oestrone or oestradiol [Robson, 19376], and the 
question then arises whether such a method of maintaining the luteal 
function is effective in preventing abortion in animals hypophysectomized 
during a true : 

uring pregnancy 

_ The mating of rabbits was observed, and on the 21st day of pregnancy 
the pituitary was removed by the orbital approach [Firor, 1933] and the 
completeness of the operation was checked by subsequent macroscopic 
examination of the sella. Any minute pieces of hypophysis which might 
chance to be left, embedded in blood clot, were presumed to have no 
recognizable activity. In two animals (821, 826) mating was not ob- 
served, but the duration of pregnancy was estimated from the size of 
the foetuses. 

Crystalline oestrone, oestradiol, pa oestradiol benzoate were ad- 
ministered in solution in oil. In one experiment (902) the synthetic 
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oestrogenic substance, triphenyl ethylene, which exerts a prolonged 
oestrogenic action [Robson & Schonberg, 1937] was administered in 
solution in oil, Doses are shown in Tables I and II. Injections were 
_ given twice daily (morning and evening). The course of gestation was 
followed by daily weighing and palpation, and laparotomies were 
oceasionally performed. The dissection of the mammary glands for 
weighing was performed according to the method described by Hammond 
& Marshall [1930]. 

RESULTS 

In the first group of experiments (Table I) oestrone or oestradiol was 
used and in ten out of eleven animals the administration of the oestrogen 
prevented abortion. In no animal, however, was normal pregnancy 
maintained up to full term and only in three were live foetuses found 
in the uterus 5-6 days after hypophysectomy. In the other eight animals 
the foetuses were found dead and in various stages of reabsorption when 
laparotomy was performed 4-6 days after hypophysectomy. As can be 
seen from Table I various doses of the hormone were used in an attempt 
to determine whether an optimum dose for the maintenance of pregnancy 
could be found, but this was not successful. The higher doses occasionally 
produced rapid death and reabsorption of the foetuses, an effect pre- 
sumably due to a toxic action, but when the daily dose was decreased 
from 5 to 3 yg. (864) this was found not sufficient to prevent abortion 
which occurred during the course of the injections, 4 days after hypo- 
physectomy. In one control rabbit (942) the ovaries were removed 
instead of the pituitary on the 21st day of pregnancy and the animal 
then received twice daily injections of 5 yg. of oestrone. This did not 
prevent abortion which occurred some 40 hr. after ovarian removal. 

These results suggested that toxic effects resulting in the death of 
the foetuses could not be avoided when sufficient oestradiol was given 
to maintain pregnancy, and it appeared possible that this was due to 
the fact that rapid absorption of the oestrogen produced a comparatively 
high concentration in the blood during short periods immediately 
following the injections. In order to overcome this difficulty and to 
produce a more uniform concentration over the 24 hr., oestradiol 
benzoate was used in a second series of experiments, since it is known 
that this compound is gradually decomposed and the oestradiol gradually 
absorbed. 
Ten rabbits were hypophysectomized on the 21st day of pregnancy 
and received injections of oestradiol benzoate twice daily in doses 

varying from 1 to 10 yg. The results are shown in Table II. 


vey 
a: 
= > 
~ 
&® 
Me 


ij Is i i 

3 

q 

te 


sdurpuy 


aq 0} pournsead st (ggg) sisAqdodAy jo 


10478 


uo ouo pue Avp UO OM, 


808N900} GUTU “Aep puzE Jo UO progr 


us CAT] ‘AUP 48] WO GAT] {OUD 
“Aep UO sesnqeos poqsosqvei pus peop 
Us Pvop ‘ABP GIDE UO peop 
eAy pus oug Aep ao 
Ut 

sosnqeoy Ino; puze oy} UO pus 


96-16 
82-16 


dag. 


4 
° Sos 
e 
an a aa 
as 


OESTRIN AND PREGNANCY 87 


Four animals received 2 yg. of oestradiol benzoate per day from the 
21st to the 28th (952, 958, 959) or to the 29th day of pregnancy (950). 
The injections were discontinued after the 28th or the 29th day, as it 
was expected that cessation of oestrin administration would be followed 
by a cessation of the luteal activity and by parturition, and this proved 
to be so. In all these animals parturition occurred within 2-3 days of the 
last injection, Parturition appeared to be normal and some live foetuses 
were born in all these animals, though some others were born dead. These 
results indicate. that the administration of oestradiol benzoate can main- 
tain pregnancy up to full term and that cessation of its administration 
is within a short time followed by a normal parturition. 

Since these experiments were not wholly successful, in that a number 
of the foetuses had died by the time of parturition, attempts were made 
to improve the results by using different doses of the hormone. In one 
experiment (978) the dose was increased to 10 pg. per day, but, though 
abortion did not occur, the foetuses showed acute signs of absorption 
within 4 days of hypophysectomy (i.e. on the 25th day of pregnancy), 
indicating that toxic actions were rapidly being produced and that the 


_ dose of the hormone was probably too high. 


In two animals the dose was reduced to 1 yg. per day. In one of these 
(971) abortion occurred during the injection period 5 days after the 
removal of the pituitary, while in the other (967) the animal died on the 
32nd day of pregnancy, i.e. 4 days after the last injection without having 
gone into parturition. Examination of the uterine contents strongly 


. suggested that the foetuses were alive and normal at the time when the 


animal died. 

Finally, three animals received 1-5 ug./day (0-5 pg. in the morning 
and 1 yg. in the evening), and in one of these (982) all the foetuses were 
born alive 2-3 days after the last injection. In one animal (980) abortion 
occurred 4 days after hypophysectomy, whilst in the third one (983) 
parturition was definitely seen to be difficult, and the foetuses were born 
dead 2 days after the last injection. None of the hypophysectomized 
animals, in which pregnancy was maintained with oestrin, made 
a nest, 

In order. to determine whether a evihatin oestrogen which has 
previously been shown to maintain the luteal function in the hypophy- 
sectomized pseudo-pregnant rabbit [Robson, 1938] would also maintain 
pregnancy, one animal (902) was hypophysectomized on the 21st day 
of gestation and, twice daily, received injections of 10 mg. of triphenyl 
ethylene in oil. Abortion was prevented, but the foetuses were dead — 
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and showed early signs of reabsorption on the 5th day after the pituitary 
removal. 
The corpora lutea were examined microscopically in all cases at the 
end of the experiment. Their appearance was similar to that seen at the 
same stage of a normal pregnancy with the possible exception of animal 
971, in which there was some suggestion of degenerative change in the 
corpora lutea. Fig. 1 shows the appearance of the corpora lutea in 
rabbit 982 which gave birth to a normal litter. 

The weights of the mammary glands are given in Tables I and II. 
In animals going on to full term the weight of the mammary gland is 
appreciably less as compared with the weight of the mammary gland 
- in normal pregnancy. No milk could be expressed from the glands of 
the rabbits going on to full term though occasionally a small amount 
of clear fluid was present. A section of the gland of animal 959 is shown 
in Fig. 2. In some of the animals in which the foetuses were reabsorbing 
(e.g. 837, 846) a few drops of milk could be expressed from the gland. 


Discussion 


The results show clearly that when rabbits are hypophysectomized 
during the later stages of pregnancy, abortion can be prevented by the 
administration of a suitable quantity of an oestrogen. When the oestrogen 
used was oestrone or oestradiol the period during which the foetuses 
remained alive in utero was comparatively short and in none of these 
experiments were the embryos maintained alive up to full term. 

The results were, however, much more satisfactory when oestradiol 
benzoate was used and in some experiments pregnancy was maintained 
up to full term. Indeed some live foetuses were present at full term in 
all four animals which received 2-0 ~g./day and a normal parturition 
occurred. An increase of the dose to 10 ug./day resulted in toxic effects — 
which led to a rapid reabsorption of the embryos (animal 980), but when 
the dose was decreased below 2 yg./day premature expulsion of the 
uterine contents occurred during the period of injections in two out of — 
five of the experiments, though a normal litter was born at full term in 
one of the animals which received 1-5 yg./day (982). 

These results suggest that oestradiol will maintain a normal pregnancy 
only when its concentration does not fluctuate outside certain narrow 
limits, Whilst an increase above this limit results in toxic effects and in 
death of the uterine contents, a fall below the optimum level may be 
followed by a premature expulsion of the uterine contents. This may 
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Fig. 1. Showing the condition of the corpus luteum in a hypophysectomized rabbit (982) 
in which pregnancy was maintained by the administration of oestradiol benzoate. x 38. 


Fig. 2. Section of the mammary gland from a hypophysectomized rabbit (959) in which - 
pregnancy was maintained by the administration of oestradiol benzoate. x 6. 
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explain the fact that the present experiments were not entirely satis- 
factory in that (with the exception of one animal (982)) some of the 
foetuses died in utero, even at what appears to be the optimum dose of 
oestradiol benzoate. It seems reasonable to assume that a more accurate 
control of the concentration of oestradiol in the blood at the value 
necessary for the maintenance of pregnancy can much more easily be 
produced by the secretory activity of the ovary than by the subcutaneous 
administration, even twice daily, of oestradiol benzoate. 

The question now arises as to the part oestradiol plays in the main- 
tenance of a normal pregnancy. That in the rabbit the luteal function is 
necessary for the maintenance of pregnancy almost up to full term is 
supported by the findings that cessation of the luteal secretion, either 
by removal of the ovaries, or by the removal of the pituitary (which is 
followed by a degeneration of the corpora lutea) produces abortion, and 
that under both these conditions the administration of the luteal 
hormone (progesterone) will maintain gestation [Firor, 1933; Robson, 
1937 a; Courrier & Kehl, 1938]. 

Now it is generally assumed that the factor responsible for the 
maintenance of the luteal function during pregnancy is a gonadotropic 
(? luteinizing) hormone acting directly on the corpus luteum. The 
present experiments raise the question whether oestradiol may not be 
the factor which maintains the luteal function during pregnancy and 
this possibility is supported by the previous evidence [Robson, 1938] 
suggesting that gonadotropic hormone has no direct action in maintaining 
the activity of the corpora lutea of pseudo-pregnancy, but does 'so by 
inducing production of oestrin. _ 

There is evidence in the literature that the placenta exerts an action 
in the maintenance of the luteal function (see Newton [1938] for a 
discussion of this question), and Astwood & Greep [1938] have actually 
extracted a factor from rat placentae which produces an action on the 
corpora lutea. In view of the evidence presented, the possibility must 
be considered that the placenta may play a part in controlling the luteal 
activity through the secretion of oestrin. There is indeed good evidence 
that the placenta may secrete oestrin in certain species [Newton, 1938]. 

If it be assumed that the luteal function is maintained during 
pregnancy by the action of oestrin on the corpus luteum, and that a 
decrease of oestrin production is followed by a cessation of the luteal 
secretion, which leads to a termination of pregnancy, then it is necessary 
to consider how the increase in uterine contractions resulting in parturi- 
tion is brought about. There is much evidence in the literature that 
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oestrin plays an important part in activating the uterine contractions 
at parturition [Robson, 1934; Reynolds, 1937]. Hence it seems difficult 
to explain how a decrease in oestrin production can occur, allowing the 
corpus luteum to degenerate, and yet how oestrin can at the same time 
play an important part in producing the increase of uterine contractions 
which result in parturition. It must, however, be emphasized that this 
sequence of events has actually happened in the experiments with | 
oestradiol benzoate described in this paper, viz. the luteal function and 
pregnancy have been maintained by the administration of oestradiol 
benzoate, and a cessation of the injections has been followed after 
2-8 days by a normal parturition. : 

A possible explanation is that the concentration of oestrin necessary 
for the final activation of the uterine muscle is appreciably smaller than 
that required for the maintenance of the luteal function. Hence, although 
the decrease in the concentration of oestrin, which occurs in these 
experiments towards the end of gestation, is sufficient to cause the arrest 
of the luteal function yet the concentration of oestrin which persists is 
still adequate to activate the uterine muscle when the antagonistic 
influence of progesterone is removed by the regression of the corpus 
luteum. 

SUMMARY 

Rabbits were hypophysectomized on the 21st day of pregnancy and 
then injected twice daily with an oestrogen (oestrone, oestradiol, 
oestradiol benzoate, and triphenyl ethylene). Abortion was prevented 
in animals receiving an adequate dose. 

In none of the hypophysectomized pregnant animals treated with 
_ oestrone or oestradiol was pregnancy carried on to full term, though live 
foetuses were present in some of the experiments 6 days after removal 
of the pituitary. 

More satisfactory results were obtained in the animals treated with 
oestradiol benzoate: in some of these rabbits pregnancy was carried on 
to full term and cessation of the injections was followed in 2-3 days by 
normal parturition. 

It is suggested that the luteal function in the pregnant rabbit may 
be controlled by oestrin and that a decrease in the production of oestrin 
may be followed by a regression of the luteal activity and by parturition. 


The expenses of this in have been defra from the Medical 
vestigation yed by a grant fror 
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PROLONGATION OF RED CELL LIFE BY THE SPLEEN 


By J. G. STEPHENS 
From the Sir Wiliam Dunn of Pathology, Oxford 
(Received 21 October 1938) 

At the outset it was thought that if the spleen exercised any selection 
from the red cells presented to it, this selection must be made upon the 
basis of the surface qualities of the red cells. The internal composition 
of the corpuscles would be largely unknowable by the spleen. Indeed, 
the interior of the corpuscle could be known only by its mass, and 
through the agency of electric and long-range London-Van der Waals’ 
forces, the latter being also electrical in nature [London, 1930; Kallmann 
& Willstaetter, 1932]. Forces due to mass are non-specific and are least 
likely to be operative in the selection. And if there are any internally 
arising electric forces these should produce an effect in the ionic structure 
of the surface, that is to say, a change in surface quality. 

_ It was possible, therefore, that variations in the quality of the 
erythrocyte surface could be taken as a guide to splenic function. 
Moreover, any variations in surface quality might express themselves 
by variations of the electrokinetic potential of the surface, a quantity 
susceptible to measurement in terms of the electrophoretic speed. 

It should be remembered, however, that electrokinetic potentials are 
quite non-specific for surface chemical composition. Surfaces of widely 
different chemical character may show identical electrokinetic potentials, © 
which are, after all, only measurements of the tangential electrical 
potential between the suspending medium and the effective surface 
plane in the ionic atmosphere surrounding the erythrocyte. It is always 
true, however, that change in the electrokinetic potential implies a change 
in the surface character; usually the converse also holds. And in dealing 


with one type of surface as in the present case anda standard suspending 
medium much closer interpretation is possible. 
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ELECTROPHORESIS METHODS 


Throughout these experiments the electrophoresis technique evolved 
by Brown & Broom [1929] was followed, and three electrophoresis cells 
of different width/depth ratios of the type designed by Brown & Broom 
were employed. 

The maximum error in the determination of electrophoretic velocity 
is probably less than +4%. Attention was given to the following 
conditions which limit the accuracy of readings. 


(a) Microscope fine adjustment. As emphasized by Brown & Broom, a linear relationship 
between the distance of movement of the optical system of the microscope and the amount 
of rotation of the fine adjustment screw is imperative for focusing in the stationary layer. 
Most microscopes were found to be useless in this respect. A Busch binocular mi 
gave the required linearity almost exactly, any deviation lying within the depth of focus. 
The depth of focus was 0-5 % of the total depth of the cell, and within it no variation in 
electrophoretic speed could be measured. Only those corpuscles which remained sharply in 
focus during migration were selected. A binocular microscope was essential to avoid fatigue 
during the measurement of some 25,000 electrophoretic velocities. 

In arriving at the upper stationary layer the under surface of the upper glass plate of 
the cell was first focused and the fine adjustment then moved through the amount calculated 
from a previous determination of the total movement of the fine adjustment corresponding 
to the internal depth of the cell. Examination of the geometrical optics of these focusing 
conditions through zones of air, glass and suspending fluid to the stationary layer, showed 
that no error was thus introduced due to change in the relative thicknesses of air and 
fluid which occurs as the objective of the microscope moves. 


(b) Errore of timing. These were avoided as far as possible by arranging each individual 


excursion time to be as great as possible. Hence sucrose solution was selected as a sus- 
pending medium, its density maintaining the corpuscle in the plane of focus so that 
excursion times equal to 30 sec. and more could be measured. Usually the time of excursion 
was about 17 sec. An error of 0-5 sec. or about 3% was possible here. | 

(c) Viscosity variations. The electrophoretic velocity, p, is related to the electrokinetic 
potential by the Smoluchowski formula 


where {=electrokinetic potential, »= coefficient of viscosity of suspending medium, 
H =potential gradient, D =dielectric constant of medium, and C =a constant usually taken 
as 4m in all cases. (This assumption is justified for all red cells except the special types 
described later where C may be 6m for a sphere and 8# for a disc. These values of C are 
given by Henry [1931] for electrically conducting particles in certain cases.) 

The use of whole blood therefore involves possible errors due to the viscosity of the 
added plasma. Accordingly viscosimetric determinations were made at 16-7°C. which 
showed that 0-1 c.c. of heparinized cat plasma added to 5 c.c. of the sucrose suspending 
medium at pH 7-4 produced changes in the coefficient of viscosity of the order of 0-5 % 
only. The same quantity of plasma from pregnant cat blood of high eedimentation rate, 
20 mm. per first hour (normal value 3 mm.), gave approximately a 6% increase. The 
relative coefficients of viscosity are given in Table I. — 
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Taste I. Relative coefficients of viscosity 


Sucrose medium, pH 7-4... due vee 1257 
Sucrose medium plus cat plasma 
Sucrose medium plus 2% cat plasma (Sed. rate 20 mm./hr.) ... 1325 


The amount of blood actually used for measurements was only 5c.mm./5c.c. of 
sucrose medium, and viscosity effects were thus negligible. 

In comparing the electrophoretic speeds of different batches of corpuscles the entire 
optical system was left untouched after the first readings. The contents of the cell were 
then aspirated, the cell washed through with the suspending fluid, and the second batch 
of corpuscles introduced. 

(d) Temperature. The experiments were performed at room temperature, the seasonal 
variations throughout the year being from 16 to 20°C. Changes in temperature of the 
contents of the electrophoresis cell were indicated by the electrostatic voltmeter which 
was always in the circuit to measure the potential gradient, a rise in temperature producing 
@ fall in the potential gradient, the applied voltage being kept constant. The voltmeter 
thus served also as a sensitive thermometer for the contents of the cell. During any 
comparative experiments in a group the temperature was maintained constant to within 
1 or 2° C. Variations of 3° C, were found to produce changes in excursion times of approxi- 
mately 1%. 

(e) The potential gradient measurement was accurate to at least 1%. In each of the 
electrophoresis cells used it did not vary over periods of many months with the same 
sucrose suspending medium and the same energizing dry battery. A standard potential 
gradient, from 5 to 9 V./cm., was selected for each electrophoresis cell, so that the more 
open portions of the scale of the electrostatic voltmeter could be used. 7 

(f) Calculation of depth of stationary layer. Measurements were made in the Komagata 
stationary layer derived from the relation | 


1 384 

where y is the distance of the stationary layer from the central longitudinal plane of the 

a cell, 2b is the depth of the cell, and & is the width/depth ratio. | 
3 _. Three electrophoresis cells each of different width/depth ratios made by Brown & 
Broom were compared. In the actual investigation, however, the most convenient cell 

was selected and used continuously. The results for the three cells are given in Table II 

for red corpuscles from a normal dog, in 10% sucrose solution buffered at pH 7-4 with 


100 c.c. of M/15 phosphate buffer per litre of sucrose solution. The excursion times are the 
means of 40 readings in each case, 


Taste II, Comparison of electrophoresis cells 


Mean Velocity 
| Excursion excursion of dog 
Width/depth distance time erythrocytes 
Cell Tatio Volts/cm. cm. sec. p./sec./volt/cm. 
1 20-4 5-38 0-024 21-4 1-96 
2 71 757 0-024 17-0 1-865 
3 5-0 8-71 0-024 14-6 ; 1-89 


The agreement may be considered satisfactory. Cells 2 and 3 were employed in the 
majority of the experiments. It is to be noted that the values above are higher than those 
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found by Abramson [1934] for dog erythrocytes measured in M/15 phosphate buffer at 
_ pH 7-4, without sucrose. This result is probably due to the high dielectric constant of the 
sucrose solution. Values practically identical with the above were found in twenty-four 


dogs. 
Readings were made principally in 10% sucrose buffered at pH 7-4 with 100 c.c. of 


M/15 potassium phosphate buffer per litre of sucrose solution. This corresponds to the 
upper region of tonicity of dog and cat corpuscles and was necessary for the examination 


of a wide range of corpuscular osmotic pressures. Comparative readings down to 6% 
sucrose showed no alteration in the relative results, the variation being apparently deter- 


mined only by the viscosity variation. 
, Site of origin of red cell electrokinetic potentials 
On theoretical grounds the electrokinetic potential of red cells may 
be expected to be practically independent of their internal composition — 
and internal ionic concentration, and to be determined predominantly 
by the character of the surface. Thus, the normal ratio of chloride-ion 
concentration inside the cell to that in the plasma in the arterial blood 
of a human subject at rest is 0-67, and for bicarbonate-ion 0-77 [Bock, 
Dill, Hurxthal, Lawrence, Coolidge, Dailey & Henderson, 1927]. In 
horses the ratio approximates to 0-7 for chloride ions. The values for 
dogs and cats are not available but are probably similar. Now the 
transverse thermodynamic potential across the red cell membrane 
corresponding to an ionic ratio of 0-6 is 13 mV. at 18° C. Furthermore, 
_ only a small fraction of this thermodynamic potential may be expected 
to contribute to the electrokinetic potential. But the electrophoretic 
velocities observed correspond to electrokinetic potentials of the order 
of 10-30 mV. They must therefore be derived from some other thermo- 
dynamic potential, that is, the transverse potential associated with 

the surface. : 

Moreover, only small variations in the ratio of ionic concentrations 
inside and outside the cell are observed on oxidation and reduction or 
in disease. The electrokinetic potentials measured may thus be considered 
to correspond only to the surface qualities of the red cells and to be very 
little influenced by their internal composition. 

It is not surprising, therefore, that minor degrees of swelling or 
crenation of red cells were found to be without influence on their electro- 
phoretic speed. Moreover, it has been stated that the envelopes of red 
cells after lysis have the same electrophoretic speed as the cells before 
disruption [Abramson, 1934; Byler & Rozendaal, 1938]. 
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INTERPRETATION OF ELECTROPHORETIC SPEED MEASUREMENTS 


The electrophoretic velocity is thus a function of the surface quality 
of the red corpuscle under the conditions prevailing in the electro- 
phoresis cell. When identical suspending solutions are employed the 
results are strictly comparable. But how far are the velocities varied 
when the composition of this suspending medium is altered by the 
addition of small amounts of plasma with the corpuscles and by variation 
in the fibrinogen, globulin and salt content of this plasma? Reasons 
have already been’ given for believing that the resultant viscosity 
variations are relatively unimportant. But does the admixture of small 
amounts of plasma with this suspending medium alter the surface 
ionization of the red corpuscle or effect some other change upon it and 
thus produce electrophoretic speed variations? Proteins are known to 
exert marked surface action, and addition of sodium chloride to blood © 
alters the aggregation tendency of red cells indicating an alteration in 
their surface [Svedin, 1936; Enocksson, 1931]. : 

When measured quantities of a series of whole bloods whose sedi- 
mentation rates vary (this variation, in the absence of anaemia, usually 
indicating altered red cell aggregation tendency due to altered plasma 
composition) were. introduced into the electrophoresis cell, electro- 
phoretic velocities less than normal were found only when the sedimentation 
rates were greater than normal, with the exceptions of blood in acholuric 
jaundice and of immature red cells as discussed later. The converse 
relationship did not hold, high sedimentation rates being associated 
with normal electrophoretic speeds. Here, however, the effects of 
anaemia and variations in the salt content of the plasma must be 
considered. 

Table IIT gives typical results to illustrate these phenomena, indica- 
tions of which have been observed by Brown [1933]. Values of sedimen- 
tation rates and migration times printed in italics may be considered 
abnormally high. 

These effects obviously call for clarification. Are the surfaces of red 
cells of low electrophoretic velocity and high sedimentation rate really 
altered, due to the adsorption of plasma protein, for example, or is the 
phenomenon an artefact due to the altered milieu under the conditions 
of measurement? This can be decided by comparison of the electro- 
phoretic speed of corpuscles (a) with their plasma and (0) after the bulk 
of the plasma has been removed by centrifugation. Washing of the 
corpuscles is obviously inadmissible. Accordingly the electrophoretic 
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- Tastz III. Sedimentation rates and migration times for red cells from whole blood. 


Migration distance 0-28 mm. 8-6 V./em. 10 ¢.mm, blood in 5 c.c. sucrose medium 


Red cells te an 
ra migration time 

Animal per c.mm. x 10-* mm./hr. sec. 
3-5 19-2 
18-0 19-5 

21-5 22-0 

17-0 24-7 

25-6 

57-0 29-5 

29-0 31-2 

26-0 33-0 

Dog _ 17-0 15-7 
0-75 16-7 

13 16-1 

30-0 23-2 

Man 41 5-0 19-1 
5-0 5-0 20-6 

4-5 9-0 20-4 

4-6 16-0 23-5 

3-85 37-0 24:5 

4:3 38-0 34-9 


speed of red corpuscles, measured after introducing 10c.mm. of 


heparinized whole blood into 5 .c. of the sucrose suspending medium, 
was compared with the speed measured after introducing the same 
quantity of centrifuged red cell deposit from the same blood into the 
same amount of the sucrose medium. Table IV gives me results in 
this respect. 


TasLe IV. Mean migration times (sec.) for red cells from heparinized whole blood 
and centrifuged deposit. Distance 0-28 mm. 8-6 V./cm. : 


| Sedimentation ee ini Centrifuged 
Animal rate (mm./hr.) lood deposit 


Cat 3-0 17-5 15-1 
8-5 18-9 14:8 

14-0 23-6 15-5 

16-5 

32-0 26-1 17-4 

60-0 36-8 17-3 

1-0 16-0 14:2 

eg 15 17-2 14-1 


‘The reverse experiment of restoring the removed plasma to the 
corpuscles was done (a) by agitating the centrifuged blood, and (6) by 
measuring the electrophoretic speed of the corpuscle from the centrifuged _ 


deposit and then measuring again after 10 c.mm. of plasma were added. 


The speeds measured were then approximately identical with the speeds 
before centrifuging. When citrate was employed instead of heparin 
similar results were obtained. 

PH. XCV. 7 


¥ 
‘ 
a 
4 
{ 
x 
‘a 
ta 
tf 
a 
pi 
x 
oh 
ag 


98 | J. G. STEPHENS 


The very definite answer is thus obtained, that the plasma concen- — 
tration of the suspending medium exerts a marked influence on the red 
cell surface. High plasma concentration lowers the electrophoretic 
speed, and therefore the electrokinetic potential, by a mechanism which 
is apparently not the mere adsorption of the protein on the corpuscle 
surface. 

Confirmation of this result was obtained in the following way. — 
Foetal red cells from a cat have a high electrophoretic velocity when — 
measured in the ordinary way from whole blood. This is associated with - 
a very low sedimentation rate [Stephens, 1938c], which, by analogy with 
the human subject, may probably be ascribed to the low protein content 
of the plasma. The maternal blood of the same animal, on the other 
hand, has a low corpuscular electrophoretic speed and high sedimentation 
rate. When maternal serum was added to a suspension of the foetal 
corpuscles in the electrophoresis cell, the electrophoretic velocity was 
observed to fall with each successive addition of maternal plasma. The 
final velocity reached was much lower even than that measured for the 
- original maternal corpuscles (Table V). 


TaBLE V. Mean migration times (sec.) for red cells of foetal cat. Successive additions of 
0-28 mm. distance 


Maternal Foetal 0°05 c.c. 0-1 c.c 
blood in blood in maternal ma’ 
sucrose suerose serum added serum added 
31-4 14-2 27-0 41-5 
13-3 32-0 
26-5 15-0 24-0 30-2 


Correlated measurements with a capillary viscosimeter showed that 
the addition of 0-1 c.c. of maternal serum to 5 c.c. of the sucrose medium 
produced a maximum increase of 7% in the coefficient of viscosity at 
19-6° C., the electrophoretic measurements being made at 20-5° C. 

Moreover, when foetal and maternal blood were introduced together 
into the electrophoresis cell all corpuscles had approximately the same 
electrophoretic speeds. 

It is improbable that such successive changes mean that more 
_ plasma protein is adsorbed on the foetal corpuscles at each addition. 
The effects suggest more strongly the successive stages of diminishing 
electrical potential difference between the effective surface of the red 
cell and the ionic atmosphere surrounding it, due either to displacement 
of this surface plane or altered ionic composition of the regions on each 
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side of it, Adsorption of protein on the red cell surface may occur. There 
is no evidence to exclude it. But the varying electrokinetic potentials 
seem to be independent of any adsorption. 


Avoidance of plasma effects in comparison of red cell surfaces 

The foregoing phenomena reveal a source of error not commonly 
appreciated in red cell electrophoretic measurements. Thus Abramson 
[1929] states that the velocity found when whole blood is introduced into 
the electrophoresis cell is independent of the amount of blood “ within 
reasonable limits’. But there are limits, extremely narrow, in blood 
whose red cells show high aggregation tendency. Unless the plasma 
protein composition is the same in two blood samples, the electrophoretic 
speeds measured in whole blood must be expected to show marked 
differences due to this factor alone. 

Ordinarily, in animals of the same species whose sedimentation rates 
are equal and normal, the variations in the observed electrophoretic 
speed are small. But before any difference in red cell surfaces may be 
demonstrated the plasma factor must be compensated for. 

_ Accordingly in the following investigations differences in electro- 
phoretic speed were regarded as significant only in the following 
circumstances : 

(a) When electrophoretic speed differences were observed between 
corpuscles migrating side by side in the same suspension. Such simul- 
taneous speed differences are conclusive evidence of different surfaces. 

(6) When equal quantities of blood from different strata in a sedi- 
mentation tube (see later) were introduced into equal volumes of sucrose 

medium in the electrophoresis cell. The plasma milieu of the corpuscles 
could thus be expected to be identical for each measurement. 

All electrophoretic speed measurements were correlated with sedi- 
mentation rate determinations and it was further possible in this way 
to compare different red corpuscles from samples of blood in which the 
plasma composition was dissimilar. Washing of the corpuscles was 
thought to be an uncertain procedure and was resorted to — in 
acholuric jaundice to obtain supplementary evidence. 


RESULTS | 
No EVIDENCE OF SELECTION OF RED CELLS BY THE SPLEEN 
Attention was first directed to the possibility that the spleen selected 


special types of red cells, retaining these and allowing others to pass on. 


In thirty-seven cats and six dogs there was no evidence whatever of any 
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electrophoretic difference between the red cells sbndinnd by puncture 
immediately after the spleen had refilled after being emptied and those 


in the splenic artery, splenic vein or femoral vein. Nor could any electro-— 


phoretic difference be found between the red cells from the splenic vein 
when the spleen was stimulated to contraction immediately following 
refilling after previous emptying. So far as the electrophoretic qualities 
of red cells are concerned, the spleen arrested red cells indiscriminately. 

The experimental method was adequate and the range of electro- 
phoretic speeds in the splenic artery usually sufficiently wide to have 


distinguished any selection — to electrophoretic speed, if this had 


existed. 


RETICULOCYTES IN SPLEEN PULP AND GENERAL CIRCULATION 


In order further to seek evidence of preferential retention of certain 
types of red cells by the spleen, reticulocyte counts were made on spleen 
pulp and circulating blood. The reticulation offers not only a convenient 
physiological label for cells, but, as an indication of immaturity, is 
especially interesting in view of the idea which permeates the literature 
that the spleen destroys aged and effete red cells. This conception, of 
course, does not necessitate unequal retention of red cells of different ages. 

The results were as follows: 

(a) No significant difference was found between reticulocyte counts 
in spleen pulp and femoral vein blood of two dogs whose spleens were 
exteriorized by the method previously described [Barcroft & Stephens, 
1927]. The values given in Table VI are means of two samples in each 
of which more than 1000 red cells were counted. The difference between 
any one percentage count and the mean percentage never exceeded the 
standard error of that mean (which was of the order of 0-5). 


TaBLE VI. Percentage reticulocytes (mean and range) 


Spleen pulp Femoral vein 
Dog 1 6-140-4 5840-3 
Dog 2 44403 4:7+0-3 


Repeated ata later date thesame lack of significent difference wasfound. 

(6) Two dogs from which #5 of the body weight of blood was removed 
4 days previously were found to have the same relative numbers of 
reticulocytes in the spleen pulp, splenic vein and femoral vein samples, 
the values being 0-3% in one dog and 0-5% in the other. Nembutal 
anaesthesia was employed, as it gives at laparotomy a spleen engorged 
with blood so that any selective accumulation or exclusion of oer 
cytes should have been capable of detection. 
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ay The relatively low reticulocyte count induced by haemorrhage is 
: E perhaps surprising, especially in view of the higher values of the 
: exteriorized spleen dogs. Exteriorization of the spleen is, as stated 
elsewhere, equivalent to a gradual splenectomy and elicits a marked _ 
bone-marrow response. The results of either splenectomy or exterioriza- 
| tion resemble those of frequently repeated small haemorrhages. The 
| small reticulocyte response after the single haemorrhage in the present 
| _—_s experiment was in agreement with the sedimentation behaviour of the 
blood, no definite upper zone being formed, this being very marked in 
the exteriorized spleen animals as discussed later. 
In another dog, however, which had shown an anaemia of unknown 
origin, reticulocytosis and stratified sedimentation for 4 months, the 
teticulocyte counts shown in Table VII were found. 


Taste VII. Percentage reticulocytes 


Splenic artery 3 
Ist splenic vein sample 43 
2nd be 19 
3rd. ” 37 


Evidently in this case a haematopoetic function of the spleen had 
been resumed. At laparotomy under nembutal it was found dilated as 
is usual with this anaesthetic, but comparatively little blood could be 
obtained from it. 

The apparently non-selective arrest of red cells by the spleen is also 
indicated by the rapidity with which the spleen withdraws red cells 
: from the blood and allows the plasma to pass on [Stephens, 1938c]. The _ 
| ) mechanism of red cell storage in the splenic sinuses described by Knisely 
[19364] would also seem to preclude any selection, but also raises the 
possibility that selection may occur within the spleen, one kind of red 
cell reaching the spleen pulp whilst others are retained in the sinuses. 
Knisely [1936a] observed the sinuses to remain filled for periods up to 
4 hr., during which some isolated red cells penetrated the sinus wall and 
reashid the pulp. In this time, at least, segregation of reticulocytes may 
be expected as they tend to remain isolated when other red cells aggregate 
(see later): The access of reticulocytes to the pulp may thus be facilitated. 
(Similar considerations apply to platelets and other small particulate 
units of blood.) 

In bulk, however, it is not possible to distinguish red cells immediately 
retained in the spleen from those which escape. 
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SPLENECTOMY OF DOGS 


The ee cell electrophoretic speed was examined in five dogs before 
splenectomy and for periods up to 16 months afterwards, 


Results 7 
It was anticipated that the range of velocities would broaden 
immediately after splenectomy. Actually, however, there occurred an 


unexpected narrowing of the velocity range accompanied later by the 
appearance of a separate group of electrophoretically slow corpuscles. 


Before splenectomy 

Before the removal of the spleen the red cells of the five faa in this 
series, as also of seventeen normal dogs, were found to be fairly uniform 
in electrophoretic speed, the vast majority lying within 5% above and 
below the mean value. In every three or four microscopic fields, however, 
a much slower corpuscle with a speed down to two-thirds or one-half 
of the mean value was found. Moreover, there were more numerous 
corpuscles 10-20% slower than the mean value. It was noticed also that 


the average electrophoretic velocity of dog or cat corpuscles measured — 


from whole blood varied slightly from day to day, the entire group of 
speeds moving together. Brown & Broom, in conversation, report 
- similar findings in other animals. The phenomenon is probably due to 
variations in the plasma composition. In any case this general shift of 
the velocity spectrum was small and negligible in comparison with other 
changes observed. 

No effect of exercise, emotion, adrenaline injections or diet on the 
velocity range or on its shift up or down the scale could be memonatented 
In dogs. 

After splenectomy 

The significant changes then seen concerned the normally very scarce 
red cells with electrophoretic speeds down to two-thirds or one-half of 
the mean value. These slow cells were too few for any immediate change 
in their numbers to be estimated, but after a period of about 10 days to 
3 weeks from the time of splenectomy, varying in different animals, they 
appeared in blood taken from the femoral vein in large numbers and 
constituted between 5 and 10% of the total number of corpuscles seen 
in any microscopic field. The mean speed of the remaining majority of 
the cells was practically identical with the mean value before splenectomy. 
Corpuscles with both slow and normal speeds could be measured side 
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by side, so that the observed difference in speed could not be of instru- 
mental origin. There were manifestly two different groups of red cells 
present in the blood. 

Apart from this slow group the range of svokiophiieuie speeds was 
reduced during the week following splenectomy, there being then 
considerably fewer red cells whose speeds deviated from the mean 
by 10-20%. During the week following: splenectomy, moreover, the 
haematocrit value of the femoral vein blood fell very rapidly (Fig. “ 


Upper level of sedimentation 
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Fig. 1. Sedimentation, haematocrit and electrophoretic relationships 
after splenectomy (dog). 


The number of readings on each blood sample was from 20 to 70. 
The results expressed in terms of the velocity ranges encountered enabled 
the changes to be followed quite satisfactorily. The relative number of 
the abnormally slow corpuscles present could be followed by employing 
the flotation method of fractionation and isolation [Stephens, 1938a] 
described later. The results for one of the splenectomized dogs are given 
in Table VIII, the changes in the other animals being similar. It is 
remarkable that most of the corpuscles had either a normal speed, or 
a speed about two-thirds of this and thus fell into two definite groups, 
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although there were a few corpuscles with intermediate speeds in all 
five dogs. A third group of corpuscles with speeds about one-half of the 
normal, seldom detected in the direct examination of the blood owing 
to their relative scarcity, was identified by the flotation method of 
fractionation described later. 


VIL, Electrophoretic speed changes after splenectomy. Migration distance 
) 0-28 mm.; voltage gradient 8-76 V./cm.; migration time in seconds 


Femoral vein 
Spleen pulp 
Before 3 days 14 days 65 days after 
splenectomy after 
Normal cells Normal cells 

15-1 15-1 14-5 15-9 13-8 
15-3 14-9 16-2 14-7 140 
17-4 13-9 17-0 14-2 14-2 
15:1 15°1 14-5 14:8 13-8 
15-4 14-8 15-5 14:3 14-0 
16-3 14-7 15-0 15-1 14:0 
17-4 14-4 16-0 155 14-0 
16-1 15-0 15°5 14-7 13-8 
15-3 13-9 17-0 14-5 14-0 
16-4 13-9 16-5 14-2 14-0 
15-3 14-1 15-0 143 14-2 
14-9 15:2 15-5 14-0 
15-3 15-1 14-5 16-9 13-8 
14-5 14-7 14-5 14-1 
14-1 14-5 Slow cells 14-0 
Slow cells 14:8 17-0 20-3 13-9 
20-4 14-8 16-5. 21-5 14-2 
27:3 14-8 15-8 20-4 14-0 
19-4 14-4 15-6 21-4 13-8 

20-4 21-5 

18-9 23-3 

20-9 

20-5 

20-7 

22-0. 

22-4 

25-9 


The relative numbers of slow and normal cells cannot, however, be 
inferred from the few readings given in Table VIII, and although slow 
cells were apparently absent in the samples taken 3 and 14 days after 
splenectomy they were found at these times in another dog. The electro- 
phoretically slow corpuscles have so far persisted for periods up to 
16 months from splenectomy. Apparent fluctuations in their relative 
numbers during this time at first gave rise to the view that they were 
disappearing after 3-4 months. The ratio of the slow to the normal speed 
16 months after splenectomy was still approximately 2 : 3. 
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SPLENECTOMY AND BLOOD SEDIMENTATION RATE 


The sedimentation rate of femoral vein blood before and after 
splenectomy was correlated with the red cell electrophoretic speed 
determinations in the same five dogs and before and after the exterioriza- 
tion of the spleen in another four dogs. For each observation 1 c.c. of 
blood was withdrawn into a tuberculin syringe graduated in ;4, c.c. 
containing 0-25 c.c. of 3-8°% sodium citrate, thus giving a citrate : blood 
ratio of 1:4. Sedimentation was observed on 100mm. columns in 


_ Wintrobe tubes of 3mm. bore, and the haematocrit values obtained 


by centrifuging in the same tubes under standard conditions of time 
and velocity. | | 
The changes in the red cell count of peripheral blood after splenectomy 
in dogs have been exhaustively studied by Pearce, Krumbhaar & Frazier 
[1918]. Accordingly, less attention was directed to this problem and 
haematocrit determinations only were made. 3 


| Results 
In the splenectomized group the sedimentation rate, uniformly of 
the order of 1 mm./hr. before removal of the spleen, increased to 
9-15 mm./hr. 2 days after the operation.. Some such increase is to be 
expected from any laparotomy. The upper level of the sedimenting 


column became somewhat diffuse. But during the subsequent days in 


each animal a further phenomenon appeared. The blood sedimented in 
two distinct strata with clear-cut boundaries. It was subsequently found 
that a similar sedimentation behaviour of blood in conditions quite 
unconnected with splenectomy had been observed by Nasse [1836] and 
also by Svedin [1936]. | 
In these dogs the stratification became definite about the 10th day 
after splenectomy and reached its full development about the 18th or 
20th day. In one case, however, faint stratification was visible 3 days 
after splenectomy. The upper stratum was much less dense in red 
corpuscles than the lower sedimenting column. The appearances are 
shown in Fig. 2 for four dogs splenectomized for varying periods of time. 
Obviously all the bloods could not be started sedimenting at the same 
instant but were set up in succession from A to D so that A has been 
sedimenting for the longest time. This is the blood of dog 1 splenectomized 
7T months previously. Fig. 2 (top) is a photograph of the sedimenting 
blood of the same four dogs 1 month later. As seen, the 1 hr. stratification 
became less marked some 2-6 months after splenectomy and at the same — 
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time the sedimentation rate returned to almost normal (6-11 mm.). 
’ The behaviour of the blood of a typical dog is‘shown in Fig. 1. 

But it is to be emphasized that when stratification did not appear 
at the end of the first hour it was usually visible later. On a few occasions 
it was absent at all stages of sedimentation on one day and reappeared 


Fig. 2. Stratified sedimentation in splenectomized dogs. Below: (a) splenectomized 
7 months, (6) 6 months, (c) 7 weeks, (d) 17 days. 2} hr. sedimentation. Above: 
1 hr. sedimentation of same dogs 1 month later. 


on the following day. Changes in the relative sedimentation speeds of 


the upper zone and lower main column evidently accounted for this. 


The upper zone behaved as though it were almost independent of the 
lower column but was concealed when the latter failed to sink sufficiently 
-_Tapidly. The 1 hr. sedimentation appearances are summarized in Table IX. 
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Taste IX. Sedimentation rate per first hour 


Before 2days 
_ splenectomy after 18 days 2 months 5 months 
Dog mm. mm. after after after 
I 1 9 Stratified Unstratified Unstratified 
2 13 6 Stratified Stratified 
3 0°75 15 Stratified Unstratified Unstratified 
4 1 15 Stratified U i nstratified 
5 1 12 Stratified Stratified Stratified 


When stratification appeared in | hr. the upper limit of the top zone 
usually sedimented from 1 to 3 mm. in this time, irrespective of its total 
length. This can be seen from the photographs of Fig. 2. If all the © 
corpuscles in the top zone were pipetted off and the remaining main 
sedimenting column shaken and allowed to sediment again an upper zone 


appeared once more, evidently containing red cells released from the 


lower zone. This procedure could be repeated two to three times. 

The stratification after 3-4 hr. sedimentation of the blood of these 
dogs is still present as marked as ever after periods ranging from 9 to 
16 months after splenectomy. During this time fluctuations in the depth 


and density of the upper zone occurred from week to week. The relative 


total numbers of red cells in the upper and lower zones were estimated 
by measurement of the relative haematocrit values, the upper zone 
corpuscles being withdrawn and centrifuged in a separate tube simul- 


taneously with the lower zone. It was thus approximately estimated 


that the upper zone contained at different times from 5 to 18% of the 
total number of corpuscles present. But as the number of upper zone 
red cells carried into the lower main column is unknown, it cannot be 
stated that fluctuations in their total number have occurred. 

These variations in the upper zone appearances were apparently 
unrelated to the menstrual cycle, technique, or diet. In all cases the 
feeding was biscuits and meat gravy daily and cooked beef twice weekly. 
After one month from operation the meat was given once weekly only. 
On this diet the animals increased in weight and improved in condition. 

It is improbable that these fluctuations were due to the presence of 
Bartonella canis infection because they occurred also in blood of anaemic 
human subjects which exhibited stratification and in such cases were 
seen also by Svedin [1936]. Moreover, blood films stained by Giemsa’s 
method failed to reveal any Bartonella. The repeated failure to demon- 
strate this infection, however, does not prove its absence, and this point 
will be referred to again later. 
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It was noticed, however, that skin abrasions were followed by a 
noticeable increase in depth and density of the upper zone, this being 
_ apparently precipitated by the minor sepsis associated with the lesion. 


Exteriorized spleen dogs 
The same stratification phenomenon was observed in two of the four 
_ dogs’ whose spleens had been exteriorized. The two other animals in this 
series were kept for 3-4 weeks only and during this period no stratification 
appeared (Table X). The gradual shrinkage of the exteriorized spleen 
described by Barcroft & Stephens [1928] is evidently — to a 
gradual splenectomy. 


Tasie X. Stratified sedimentation after exteriorization of spleen 


Sedimentation Sedimentation 
rate before rate 4 days after 
exteriorization  exteriorization 
of spleen of spleen 


mm. nm. Stratification 
6 1-5 14-16 First seen after 2} months 
7 1 eS Not seen up to 3 weeks 
12 da 
8 0-8 18 First — “ee ys 
very rapidly) 
9 Sot 12-14 Not seen up to 1 month — 


The delayed onset and non-appearance of stratification in these cases 
furnish an additional control indicating that the operational trauma 
and anaesthesia are not responsible for its causation. Three normal 
unoperated control dogs kept under the same conditions showed sedi- 
mentation rates uniformly and constantly of the order of 1 mm./hr. 


ELECTROPHORETIC SPEEDS OF ZONES 


Approximately the same absolute electrophoretic speeds of the upper 
_ gone corpuscles were found in seven dogs, five splenectomized and two 
with exteriorized spleens, and in all cases these values were practically 
identical with those of the slow corpuscles obtained when the blood was 
examined directly. The speeds of the lower zone corpuscles were normal 
and corresponded in all animals. The ratio of upper to lower zone speeds 
under the same conditions was often approximately 2 : 3. This is shown 
in Table XI, in which the migration times may be compared with those 
of the slow and normal speeds of Table VIII. i 

Similar speed ratios were found when the 3-8°%, citrate was replaced 
by heparin or when 5% citrate was used. By employing 2% citrate in 
_ 09% sodium chloride solution stratification frequently occurred in three 
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Taste XI. Electrophoretic speeds of upper and lower zones. Voltage gradient 8-6 V./cm.; 
7 excursion distance 0-28 mm.; haematocrit values for 100 mm. columns of femoral 
vein blood diluted, blood : citrate =4 : 1 


Mean excursion Sedimentation rate Haematocrit value 
‘ times (sec.) of upper levels mm. 
A of strata A 
Upper Lower 1 hr. Before At time 
Dog no zone column mm. mm, operation of reading 
Splenectomized 
a 24-8 18-1 I 6 34 27°5 
2 26-5 17:8 i 2 31-5 28-5 
3 23-6 16-2 2. 6 31 23 
4 23-8 16-1 1-5 3 33 27 
5 25-1 17-6 1 2 33:5 26 
Spleen exteriorized 
6 33-2 18-5 16 16 31 22 
8 27-3 16-5 1-5 34 7 


layers, the upper, third, layer being much less dense than the others. 
The same three layers sometimes appeared when the heparin was 
dissolved in saline solution. In these cases the red cells from the upper- 
most layer possessed electrophoretic speeds slower even than those of 
the previous upper zone, which then came to occupy a middle position. 
The third zone, which sometimes formed spontaneously, was apparently 
derived by selective flotation of the slowest red cells previously residing 
in the other strata. There were relatively so few cells in the third zone 
that the mean speeds of the other zones were little affected when the 
third zone formed. The average electrophoretic speeds of the corpuscles 
in the middle and lower zones were thus distinguishable only with 
difficulty from the corresponding values when only two zones were 
formed. During sedimentation two zones sometimes resolved into three 
and the three into two once more. Often the third uppermost zone 
contained red cells whose mean electrophoretic speed was three-fifths to 
one-half of that in the main sedimenting column. 

The increase in electrophoretic speed from top to bottom occurred 
also when no definite strata were formed but merely a diffuse upper 
cloud, as in the earlier stages immediately after splenectomy. The simple 
approximately 2 : 3 ratio apparently corresponds to one particular stage | 
_ in the phenomena concerned. In some cases the upper zones showed 

speeds practically identical with the lower main column but were 
nevertheless clearly demarcated. | : 
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COMPOSITION OF ZONES 


At first it was thought that the red cells of the upper zone were 
damaged or effete corpuscles which would have been removed had the 
spleen been present. But samples of the upper strata, withdrawn and 
examined in wet mounts stained with cresyl blue, showed them to consist 
of exceedingly large numbers of reticulocytes, and platelets, together 
with non-reticulated red cells, and leucocytes (Stephens, 19386]. There 
were in addition other bodies, not yet identified, probably plateléts or 
red cell debris. The exact composition varied with the time after 
splenectomy at which the examination was made. The proportion of 
reticulocytes varied from time to time. From 3 to 5 months after 
splenectomy the upper zone contained up to 85% of reticulocytes, In 
fact splenectomy or haemorrhage together with stratification experiments 
would seem to offer a method of isolating reticulocytes in quantity from 
the blood and the method may be useful for examining their carbonic 
anhydrase content, respiration and other properties. 

The relative number of reticulocytes in the upper zone gradually 
diminished after the 3rd to the 6th month from splenectomy. Eleven 
months from splenectomy only an occasional reticulocyte was found and 
at later times up to 16 months none was seen. The upper zone never- 
theless persisted, fluctuating in amount, but apparently undiminished. 
The identity of the non-reticulated red cells of the upper zones may 
perhaps be established as immature cells also. They resemble reticulo- 
cytes in (a) their electrophoretic speeds, (b) their frequently deeper 
generalized staining with cresyl blue than cells from the lower column, 
and (c) their diminished aggregation tendency which is the cause of 
_ their differential flotation. The non-reticulocyte members of the upper 
zone are therefore probably immature red’ cells which have aoe just 
lost their reticulum, or in which this has not formed. 

Another possibility that the non-reticulated upper zone red cells may 
have been damaged cells was considered. Bergenhem & Fahraeus [1936] 
have shown that red cells of similar low aggregation tendency may arise 
as a result of some enzymatic process occurring in stased blood, and 
they attribute the phenomenon to the production of a lysolecithin-like 
substance. In particular, the low aggregation tendency of red cells 
from the spleen was thus explained. The possibility of similarily altered 
red cells being present in these upper zones, however, is unlikely, because 
when the changes which Bergenhem & Fahraeus describe in splenic blood 
had occurred—the production of corpuscles of low aggregation tendency 
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and altered surface giving:an oily appearance in mass as seen micro- 
scopically—the red cell electrophoretic speed was not less than that of 
the general circulating corpuscles, thus differing from upper zone red 
cells. In fact when measurements are made introducing into the 
electrophoresis cell measured quantities of whole blood which exhibits 
these changes after residing for some time in the spleen, the velocities 
observed may be double those found in the general circulation [Stephens, 
1938a]. These results were obtained in a series of anraeren animale 
and are only briefly mentioned here. 

This increased electrophoretic speed may merely be on to sdiecod 
composition of the plasma introduced with the corpuscles, and its 
lessened amount owing to increased red cell concentration of splenic 
blood, although there are indications that it also arises from alteration 
of the red cell surface corresponding to the surface changes demonstrated 
by the aggregation behaviour. But the significant point is that the 
electrophoretic speed of such red cells is not less than normal. 

It is of course possible that some form of red cell damage has resulted 
in red cells having both low aggregation tendency and low anon . 
speed, but the probabilities are otherwise. 


Mechamsm of zoning 

By watching the process of sedimentation microscopically in parallel 
walled sedimentation vessels, the upper zones were seen to consist pre- 
dominantly of single non-aggregated red cells. This failure to aggregate 
is the more remarkable when the low electrokinetic potential is con- 
sidered. This low potential should favour aggregation. The failure to 
aggregate therefore probably indicates a very marked deviation from 
normal of the red cell surface, perhaps a very low surface tension, but 
the frequently somewhat globular shape of these cells may also be 
concerned. The corpuscles which aggregated and sank to form the lower 
column were observed during the process. Other red cells could be seen 
moving towards the aggregate or towards other single corpuscles and 
then approaching no nearer, evidently coming to rest at. a position 
where the interaction of the ionic atmospheres was sufficient to cause 
repulsion. 

Fahraeus [1929] points out that aggregation of red cells is the pre- 
dominant factor in causing them to sink. The formation of the upper 
zones is thus fairly intelligible. Occasional aggregates may be seen in 
the upper zones. These sink very little in comparison with similarly 
sized aggregates which have gone to form the lower main column, so 
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that the upper zone corpuscles would appear to have a relatively lower 
density. The changes in length of the lower main sedimenting column are 
probably an expression of the anaemia and altered plasma composition. 
A decrease in the concentration of erythrocytes per cubic millimetre or 
an increase in the concentration of the plasma globulin or fibrinogen 
cause an increase in the sedimentation rate [Fahraeus]. Fahraeus also 
_ points out that an aseptic operation without complications produces an 
acceleration of the sedimentation rate. Lohr & Saheki quoted by Reichel 
[1936] have observed the same phenomenon persisting for 3 weeks in 
man. Considered in conjunction with the anaemia disclosed by the 
varying haematocrit values the behaviour of the main column of blood 
is thus fairly intelligible. 

When stratification was absent even after several hours’ sedimentation 
the upper limit of the sedimenting column was several times found to be 
concentrated in corpuscles of low electrophoretic velocity. The extension of 
the lower column after some months apparently conceals the upper zones. 

Enocksson [1931] observed stratified sedimentation in artificial 
suspensions of red cells in 0-9% sodium chloride solution and in glucose 
solutions containing lower concentrations of sodium chloride, the 
stratification behaviour varying with the salt concentration. In view of 
the effec} of sodium chloride in sometimes causing a single upper zone 
to resolve into two zones, variation in the salt content of plasma may be 
concerned in the production of stratified sedimentation of blood and in 
the day to day fluctuations. 


STRATIFICATION IN CONDITIONS OTHER THAN SPLENECTOMY 


Human blood in thirty-seven of fifty-six non-splenectomized subjects 
suffering from various diseases, all except two involving an anaemia, 
exhibited stratification during sedimentation. This occurrence is only 
to be expected if the phenomenon is due to the presence in the circulation 
of reticulocytes and other immature erythrocyte forms. Fig. 3 shows 
stratification in (a) to (c) secondary anaemia associated with tuberculous 
adenitis and (d) after prolonged haemorrhage. 

The relationship of the blood strata in these conditions cannot be 
gone into here except in so far as it illuminates physiological phenomena. 
Three further cases only, therefore, are mentioned: (1) scarlet fever, 
(2) lupus, and (3) lumbar caries and psoas abscess (Table XII). - 

Here again in (1) and (3), as in several other human bloods, there is 
the same 2:3 ratio found in splenectomized dogs. (The relation of the 
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speeds of tones of human blood. Potential gradient 7-88 V./cm.; 
migration distance 0-24 mm.; mean migration times in seconds 


1) 26-6 18-9 
2) 22-0 18-8 
(3) 27-3 179 - 


2:3:4 ratio of red cell migration times to the electrical conductivity of 


their envelopes and the factors 
.. later.) 

In case (3) the reticulocyte count of the upper zone was 60%, but 
in the other two, as in several other human stratified bloods examined, 
only 2-3 % of reticulocytes could be demon- — 
strated in the upper zone; this was accord- 
ingly presumed to consist of immature red 
cells as in the splenectomized dogs. Two | 
other points deserve mention. In case (2) |” 
there was no anaemia, 3% only of reticu- | 
locytes in the upper zone and fess difference |~ 
in the electrophoretic speed of the red cells 
comprising it from the value for the lower | 
column. The stratification was nevertheless ~~ 
very definite. Just as reticulocytosis in the |” 
absence of anaemia may be regarded as =~ 
showing a compensated latent anaemia, so | 
the foregoing may represent similar con- | 
ditions. | 

In two dogs, lactating and recovering (7a 
from an anaemia after parturition, diffuse- ? 
ness of the upper limit of the sedimenting asi vo blood. aug 
column was observed to progress into strati- 
fication clearly defined but with a much less dense upper zone than in 
splenectomized dogs. In both the electrophoretic speeds showed a 
2:3 ratio, with absolute values the same as in splenectomized animals. 

Stratification was not seen in seventeen normal dogs nor in twenty- 
nine normal cats. In one pregnant cat whose citrated blood sedimented 
23-5 mm. per first hour as measured to the top of the main column, a 
faint upper zone appeared containing 32% of reticulocytes, many 
platelets and a few leucocytes. 

- As the majority of leucocytes were observed to migrate with the same 
absolute velocity as reticulocytes it is possible that leucocytes and 
PH. XOV. 
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reticulocytes have similar surfaces. This would accord with the fact that 
leucocytes show little aggregation tendency and never aggregate with 
red cells. In a similar way reticulocytes and immature red cells show 
little aggregation tendency with one another or with normal red cells. 


Colour changes in the upper zone 


At the end of approximately 18 hr. sedimentation the upper zone, 
when formed, comes to rest above the main sedimenting column. It may 
then be identified by its different hue, usually dark lilac, but sometimes 
a lighter red than the lower column. The lilac colour does not appear 


Fig. 4. Reduction of upper zone corpuscles. 


if 0-1¢.c, of N/10 KON solution per 100 c.c. of blood is added, and is 
presumably due to the reduction of the haemoglobin of the corpuscles. 
This reduction may be due in part to the respiration of the red cells in 
_ addition to that of the leucocytes. Removal of the majority of the 
leucocytes by Fleming’s method [1926] of filtration through cotton wool 
did not interfere with the colour change. A few white cells always passed 
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through this filter, however, and these may have been sufficient to cause 
the reduction. Typical appearances are shown in Fig. 4, the end result 
after 12 hr. sedimentation in splenectomized dogs. 


STRATIFIED SEDIMENTATION: PRESENCE OF IMMATURE 
CELL FORMS 


With the idea that the degree of upper zone formation might be 
employed as a clinical index of the 
presence of immature red cell forms 
attempts were made to increase the strati- 
fication and. to develop it when latent. 
As already stated, not all the reticulo- 
cytes segregate into the upper zone. 
Aggregates of red cells in falling carry 
some of them into the main sedimenting 
column. Employment of sedimentation 
tubes of 1-5-2 mm. have favoured the 
formation of upper zones. Tubes of 2 mm. 
bore and 3-8 % citrate used in minimal 
quantities, i.e. blood: citrate=5:1, favoured 
stratification of human blood. 

At present the best method found for 
regularly demonstrating the presence of 
upper zone corpuscles is to dilute the 
blood with one-half its volume of hepar- 
inized serum freshly obtained from an 
animal of the same species. The upper 
zone red cells sediment at their own 
characteristic rate, independent of the 
accelerated sedimentation thus produced 
in the lower main column, and are left 
behind. Normal dog blood treated in Fig. 5. Stratified sedimentation. 
has a diffuse upper level of b) 1 months, month, 

imenting column. Fig. 5 shows the normal dog. iluted ‘wi 
splenectomized dogs when diluted as above. 

In this case the serum was obtained from an exteriorized spleen dog. 
Normal dog serum gives a similar result, the lower main column then 
falling more rapidly. ) 
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Electrophoretic speed—aggregation relationships 
The following scheme epitomizes the results in this respect: 
| Red cell 
speed 


| | 
‘With OEE ag- With ‘elec aggre- With reduced aggre- Produced by 


whole blood of high spleen puncture 

sedimentation rate cells sam of blood 
which has resided 
some time in the 
spleen 


ACHOLURIC JAUNDICE 


Brief reference may be made to a case of this condition which 
exhibited the characteristic facial appearance, microspherocytosis, red 
cell fragility commencing in 0-52% sodium chloride solution, enlarged 
spleen, icterus, anaemia and reticulocytosis. This case, a female whose 
brother and sister had previously been splenectomized for the same 
condition, was examined as regards red cell electrophoretic velocity and 
blood sedimentation rate, before and after splenectomy. Prior to the 
removal of the spleen the blood taken during an exacerbation of the 
disease, diluted with one-quarter its volume of 3-8% sodium citrate, 


sedimented in three zones at the end of the first hour. The upper levels _ 


of these zones were 4, 3, and 18 mm. from the meniscus of a 100 mm. 
column in a tube of 3 mm. bore. The demarcation of the zones was not 
as clear-cut as in the other human-bloods exhibiting stratification, but 
was nevertheless quite definite. The electrophoretic migration time ratio 
of red corpuscles from the zones was: bottom : middle : top=44 : 52 : 61, 
and these figures are also the mean absolute migration times for 7-27 V./cm. 
and 0-24 mm. migration distance in the sucrose medium as before. The 
middle zone contained 47 % of reticulocytes, the lower main sedimenting 
column 3%. The uppermost zone was very faint and reticulocytes were 


observed in it but determinations were not made. Gripvall [1938, cited — 


by Bergenhem, 1938] has also observed concentration of reticulocytes 
in the upper zone of acholuric jaundice blood. 

But the interesting feature here was presented by the lower column 
which contained the vast bulk of the red cells. Two points were noticed 
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concerning it. Firstly, the absolute electrophoretic speed of the red cells | 
was only one-half of the value for normal individuals who showed 
migration times of the order of 20 sec. measured at the same time and 
under the same conditions. The red cells were seen to be slower even 


4 _ than the leucocytes in the same blood, side by side with them. 


Splenectomy had no effect on this slow speed during the two following 
months. Secondly, by washing in two changes of the sucrose suspending 
medium the electrophoretic velocity was more than doubled, the mean 
migration time under the same conditions being then 17-8 sec. with 
limits at 16 and 19-2 sec. Small increase in electrophoretic speed of 
corpuscles by washing has often been reported but never as extreme 
as this. 

Repeated at a later date, exactly the same slow electrophoretic speed 
was found again capable of being increased to above normal by washing. 
After splenectomy, the same abnormally low speed of red cells taken 
from a sample of citrated blood, from the sedimentation tube or from 
a drop collected directly into the sucrose medium, was found, but 
washing in four changes of sucrose then sufficed only to increase the 
electrophoretic speed so that the mean migration time was 26 sec. The 
low speed and inability to wash the red cells completely back to normal 
have so far persisted for 2 months after splenectomy. In several obser- 
vations during this period the absolute electrophoretic speed and the 
maximum speed produced by washing under standard conditions 
remained substantially the same. These changes are shown in Fig. 6, in 
which the sedimentation rates were measured to the upper levels of the 
main sedimenting column, without consideration of the overlying zones. 

Stratification was never seen after splenectomy. This is perhaps not 
surprising as the reticulocytes vanished rapidly from the circulation and 
after 3 weeks were not found. Prior to this the diffuse upper levels of 
the sedimenting columns after removal of the spleen were found to 
contain a greater proportion of reticulocytes than deeper regions. 

The cause of the abnormally slow electrophoretic speed can be 
decided with the help of evidence already given. Red cells from blood 
of high sedimentation rate due to any one of a great variety of conditions 
may be expected to show low electrophoretic velocities using the present 
experimental technique. But in the present case when the low electro- 
phoretic speed was very marked 1 month after splenectomy, the sedimen- 
tation rate was only 11 mm. per first hour and this in the presence of a 
red cell count below normal. This value of the sedimentation rate is 
within the upper limit of the normal value for women. Red cells from the 
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blood of twelve pregnant women and several cases of malignant disease 

and tuberculous conditions associated with high sedimentation rates 

showed in all cases electrophoretic velocities below normal, but the 

slowing was seldom as marked as in the case of acholuric jaundice where 

at no time was the sedimentation rate increased sufficiently to account 

for it. | 
Days —> 25 50 75 100 125 


Electrophoretic migration time in acholuric jaundice 


4+ 


35; 
251 Normal migration time 


154 Washed cells of ach. jaun 
Sedimentation rate in acholuric jaundice 


Normal limit 


A 
| Splenectomy 
Fig. 6. Electrophoretic speed, sedimentation, blood count relationships before and after 
splenectomy in acholuric jaundice.' (7-4 V./cm., 0-24 mm. migration distance.) 


In a series of fifty-six examinations of the blood of individuals in 
disease, eleven normal subjects, and eighty animals, this was the only 
case which exhibited the anomaly of low electrophoretic velocity 
associated with normal sedimentation rate. Here, however, the probable 
effect of the spherical shape of the corpuscles in diminishing the 
aggregation tendency must be considered. i 


soe I am indebted to Dr A. G. Gibson for the blood counts in the lower panel. 
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_ A further fact must be mentioned here. Although the mean 
migration time of red cells was, as shown, about half of the normal 
value, the migration times of individual cells measured from samples 
of whole blood fell into three groups. These group times were in the 
ratio 3:4:5, the migration time of normal cells being 2, on the same 
basis of comparison. 

It was noticed also that disc shaped red cells present migrated 
edgewise and fell into the high migration time groups whilst the ~ 
spherical forms fell predominantly into the low migration time group. 
A few spherical cells, however, were among the slowest present. 

The most feasible explanation of the present phenomena is to 
consider that red cell electrophoretic speed under standard conditions 
is determined not only by the electrokinetic potential of the surface but 
also by the electrical conductivity of the red cell (including that of the 
surface) and by its shape. Such a possibility is envisaged by Henry 
[1931] in a derivation of the Smoluchowski constant (p. 93). The same 
factors probably enter into the electrophoretic speed relationships 
between normal and immature cells. The full discussion of this problem, 
however, must be deferred for a later paper, but it seems probable ‘that 
the red cell in acholuric jaundice deviates from normal both as regards 


its surface and ionic content. Occupancy of the circulation by a race of 


red cells with the characters of immature cells, that is, low electro- 
phoretic speed and low aggregation tendency, could account in part for 


the phenomena observed. 


Examinations of the blood of the patient’s brother and sister who had 
also been splenectomized for acholuric jaundice a year previously showed 
normal sedimentation rates, viz. 5 and 7 mm./hr. The red cell electro- 
phoretic speed was also normal. 3 

Concerning the effects of washing the corpuscles it was found that 
electrophoretically slow corpuscles from any blood of high sedimentation 
rate showed after washing an increase in speed of the same order as that 
found after splenectomy in the present case. The view that washing 
diminishes the electrical conductivity of red cells would be adequate to 
explain the results. . 

The blood counts of Fig. 6 show that the spleen in this case had been 
an active agent in red cell destruction. It is to be emphasized that the 
blood changes after the removal of the spleen in this pathological 
condition, disappearance of reticulocytes and immediate increase in red 
cell count, are exactly the opposite of those found when normal spleens 
were removed. | 
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SPLENECTOMY OF GUINEA-PIGS 


Bartonella infection has not been demonstrated in the domestic 
guinea-pig [Weinman & Pinkerton, 1938], although these authors found 
Bartonella in a race of guinea-pigs imported from Peru. Common guinea- 
pigs may therefore be employed as controls for the effects of splenectomy 
in dogs. The spleens of four guinea-pigs were removed and in another 
two animals a piece of omentum was excised, to provide a control for the 
trauma of surgical procedure and ether anaesthesia. Examinations of 
the blood obtained by heart puncture were made before and at 5 and 


_ 12-day intervals after operation. The splenectomized animals developed 


an anaemia, a reticulocytosis and stratified sedimentation with a dense 
upper zone which in three of the animals disappeared in 12 days but 
persisted in a less marked degree in the fourth animal. The controls 
showed no stratified sedimentation, but the haematocrit value fell 
slightly, a small increase in the reticulocyte counts also occurring. The 
results are summarized in Table XIII, the haematocrit values being 
obtained using the same precautions as before. 


Splenectomized 
36 0°75 0-5 Marked 1-8 35 1 mm. un- 
stratification | stratified 
37 0-5 0-3 34 RS 1-7 35 1 mm. un- 
36 10 0:3 28 Pa 2-0 31 land 2-5 mm. 
stratified 
34-5 0-75 0-2 6 Bl i 2-2 33 1 mm, un- 
Omentum excised 
37 15 0-4 36-5 1-5 mm. un- 10 37 1 mm. un- 0-7 
i stratified 


34 0-75 0-3 33 1 mm. un- 1-2 35 Imm.un- 05 


stratified stratified 


The changes after splenectomy in guinea-pigs resemble those some- | 


times described in man, viz. a transient anaemia and reticulocytosis. 
Any operative interference in guinea-pigs apparently produces similar 
blood changes, but much less marked than splenectomy. | 
Stratification in the splenectomized animals appeared as a thick 
upper layer at the end of the first hour, and was very marked in 5 hr. 


< 


4 TaBLE XIII. Splenectomy of guinea-pigs 

q Before operation 

4 —_—_aX—7. 5 days after operation 12 days after operation 

Sedimenta- 
q tion rate Reticu- Sedimenta- Reticu- Sedimenta- Reticu- 
Haema- 1 hr. locytes Haema- tion rate locytes Haema- tion rate locytes 
No.  tocrit mm. % tocrit 1 hr. % tocrit 1 hr, 
1 
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Guinea-pig blood sediments so slowly, however, that it is not well suited 
to the demonstration of stratification. Obviously, when the rate of 
sinking of the main blood column is about the same as that of the upper 
zone, separation cannot be expected. The improved method of demon- 
strating immature red cells by dilution of the blood with serum and thus 
securing rapid sedimentation of the lower Sonitinn had not been devised 


at this time. 


Examined in wet mounts as before, numerous selis spherical reti- 
culocytes were seen in the upper zones, which also contained numerous 
leucocytes and platelets. Table XIV gives the mean electrophoretic 
migration times (sec.) of red cells for 0-28 mm. and 7-26 V./cm. in two 


of the guinea-pigs. ilies 


Upper zone Lower column 


25-0 
23-6 18-2 


Discussion 


The fact that splenectomy is followed by reticulocytosis and appear- 
ance of other immature red cells and sometimes even by an anaemia, 


accords ill with the conception of the spleen as ‘a red cell destroying 


organ. The foregoing experiments, however, were commenced upon the 
basis of the view that the spleen removed effete red cells from the circu- 
lation or prepares them for removal elsewhere. But the results have led 
to a different conclusion, namely, that a primary function of the spleen 
is to prolong the life of red cells. The post-splenectomy reticulocytosis 
or anaemia appears to be the expression of the loss of this function. 
A minority of red cells may be destroyed in the spleen. This destruction 
is augmented in pathological conditions but the predominant normal 
function appears to be the prolongation of red cell life. Furthermore, 
in view of the variation of the amounts of muscular tissue present in the 
spleens of different animals, and its entire absence in some, the contractile 
depot function has probably been superimposed where the mechanism 
involves the side tracking of significant quantities of blood. 

In most animals the occurrence of Bartonella infections may ss 
presumed and aggravation of this disease after splenectomy could explain 
the blood changes. Much of the work on splenectomy in animals is 
vitiated by neglect of this factor, a fact pointed out by Perla & Mar- 
morston [1935]. But Bartonella infection is unknown in domestic guinea- 
pigs, and in man its occurrence and character are so well known that it 
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cannot be invoked to explain blood changes after splenectomy in the 


human subject. In the latter case attempts have been made to resolve 
the difficulty by supposing that the spleen also exerts a regulatory 
influence on the bone marrow. Loss of such an influence might result 
in an anaemia. This importation of a second hypothesis to support the 
_ first might be justifiable if evidence could be found for it. But all the 
facts indicate that after splenectomy the bone marrow responds by 
increased red cell production. Augmented bone marrow activity after 
splenectomy in the human subject has often been described. The 
experiments described in this paper show abundant formation of reti- 
culocytes accompanied by an anaemia very soon after splenectomy in 
dogs, Bartonella infection not being demonstrable. In guinea-pigs the 
changes were similar but less marked. Naegeli [1931] considers that 
reticulocytosis is the surest and earliest sign of reactive hyperfunction of 
the bone marrow, and that increased reticulocyte counts are important 
evidence of compensated latent anaemia. 

The changes after removal of normal spleens in the present experi- 
ments, therefore, point to a phase of increased red cell destruction 
accompanied by increased red cell production. The bone marrow responds 
exactly as would be expected when corpuscular destruction is increased. 
In some respects splenectomy gives a response identical with haemorrhage. 
There is no evidence that bone marrow functions inadequately after 
removal of the spleen, but rather that red cell production is augmented, 
and that a younger race of cells replaces the former population. 

The reason for exactly the reverse blood changes occurring when a 
pathological spleen was removed in acholuric jaundice from the changes 
when normal spleens were removed is interpreted to mean that the 


pathological spleen was causing premature destruction of red cells whilst | 


the normal spleens aided their survival. In the first case bone marrow 
stress is alleviated; in the second case it is initiated. A phase of anaemia 
and further reticulocytosis cannot necessarily be expected to follow 
splenectomy when bone marrow hyperfunction is already present as 
_ shown by the blood picture. 

Pearce et al. [1918] demonstrated a marked anaemia in splenecto- 
mized dogs, but do not mention the possibility of Bartonella infection. 
The anaemia reached its maximum severity on the 30th to 45th day, 
the red cell count returning to normal in 3-4 months, the haemoglobin 
increasing until the 10th month. In the present experiments on dogs the 


haematocrit value fell to its minimum in the first 10-20 days and — 7 


to the normal value in from 2 to 3 months. 
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The same authorities also found that artificially induced anaemia in 
splenectomized dogs was of greater severity and ran a longer course 
than in normal controls. They attributed this to the failure of blood 
regeneration in the absence of the spleen. 


In man, transient anaemia, unaltered normal blood counts and, 


exceptionally, erythrocytosis have all been reported following splenectomy 
[Lauda, 1933]. In splenectomized normal subjects showing no anaemia 
at the time of examination, Karlbaum [1916] regards the occurrence of 
nucleated and other immature red cells which persist for a year or more 
as indicating a compensated latent anaemia. 

Various authors have reported fragility changes following splenectomy 
which they interpret as due to the younger average age of the red cells. 


Erythrocytosis after splenectomy | 
Increased red cell counts after splenectomy in man [Naegeli, 1931] 
would seem to support the view that an important locus of red cell 
destruction has been removed. This result, however, is not incompatible 


_ with the conception of the spleen as a repair depot for the following 


reasons: 

(a) Known haemolytic poisons such as phenyl hydrazine and 
toluylene diamine may produce an erythrocytosis due to over. com- 
pensation by the bone marrow [Arrak, 1927]. 

(6) Long continued small haemorrhages from a duodenal ulcer may 
give an erythrocytosis up to 7 million red cells per c.mm. apparently 
due to the same reason. 

A similar explanation of post splenectomy erythrocytosis, waen 
found, is therefore feasible. 


-Red cell longevity and splenectomy 

It is clearly possible for large changes to occur in the life span of 
red cells without any change whatever in the peripheral blood count. 
There are, however, three possible ways in which information may be 
gleaned concerning the effects of splenectomy on this life period : 

(1) By observation of the red cell counts immediately after splenec- 
tomy before bone marrow compensation has had time to become 
effective. The frequent occurrence of an anaemia at this time has already 
been discussed. 

(2) By comparing the amounts of erythropoetic tissue in normal and 
splenectomized animals in which the red cell counts in the peripheral 
blood are the same. In this connexion Pearce et al. [1918] found in 
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splenectomized dogs a replacement of yellow marrow in the long bones 
by richly cellular red marrow, which became almost complete after — 
periods of 6-20 months from splenectomy when the blood counts were 
usually normal. Warthin [1902] found hyperplasia of the marrow of 
sheep and goats several montlts after splenectomy. 

(3) By estimation of the mean age of the red cell population before 
and after splenectomy. There is unfortunately no valid method by which 
this may be done. The occurrence of increased numbers of immature red 
cell forms demonstrable by staining methods indicates a generally lower 
population age after splenectomy. The evidence in this respect is greatly 
reinforced by the finding in splenectomized animals of numerous other 
immature cells not identifiable by staining but only by their surface and 
aggregation characters. 

Recently Gordon & Kleinberg [1938] have estimated the longevity 
of red cells in splenectomized and normal guinea-pigs by the method of 
Escobar & Baldwin [1934] which consists in observing the time taken 
for red cell counts to fall to normal after removal from low pressure 
chambers in which an erythrocytosis has been induced. . 

The conclusion drawn was that splenectomy increases the life span 
of red cells, but the results given by these authors do not warrant this 
interpretation. Apart from the doubtful validity of the experimental 
method, evidenced by a marked rise in red cell counts of the splenecto- 
mized animals after removal from the low pressure chamber, the figures 
stated point rather to a shorter life span of the red cell in the splenecto- 
mized animals. The time taken for the red cell count to drop by 1 million 
after the initial rise had ceased was less in the splenectomized group than 
in the normal controls. 

The interpretation of Gordon & Kleinberg’s results to mean that 
red cell life has been shortened by splenectomy also accords with their 
finding in other experiments of an anaemia =e 2 months after 
splenectomy of guinea-pigs. 


7 Fragility and red cell longevity 

The increased fragility to hypotonic saline after red cells have resided 
in the spleen has often been taken to indicate their lessened viability in 
the circulation. But the phenomena of static haemolysis in vitro bear 
little relation to the stability of red cells in the circulation. 

Thus, phenyl hydrazine in suitable doses causes marked destruction 
of red cells but at the same time the fragility is greatly diminished so 
that even distilled water may not cause lysis [Naegeli, 1931]. Toluylene 
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diamine acts similarly. The diminished fragility is not due to the 
occupancy of the circulation by a juvenile red cell ee but a 
direct effect of the substances on the erythrocyte. 

Furthermore, in acholuric jaundice, splenectomy reduces the anaemia 
although the increased fragility of the red cells often persists. 

Augmentation of fragility to hypotonic saline by the spleen, therefore, 
cannot be taken to indicate a red cell destroying function. With almost 
equal justification the diminished haemolysis shown by spleen pulp red 
cells to another artificial agent, saponin Seen 1926], could be taken 
_to show the opposite. 


_ Red cell destruction by the spleen 
It seems undoubted that the spleen normally causes the destruction 
of some red cells, although until very recently the evidence was based 
largely upon the finding of phagocyted erythrocytes and in this respect — 
was far from convincing. Knisely [19366] could observe neither phago- 
cytosis nor haemolysis of red cells in the living spleen but found that this 
occurred only when the spleen was traumatized or after death. Evidence 
summarized by Lauda [1933] leads one to doubt whether physiologically 
significant phagocytosis of intact red cells occurs. Rous [1923] cites 
evidence that reticulocytes have also been found phagocyted in the 
spleen. This finding would agree with the results of Knisely. In some 
pathological conditions, however, it is possible that ingestion of damaged 
red cells by the spleen macrophages is enhanced. 
Evidence of changes in red cells from the spleen suggesting their 
subsequent haemolysis is forthcoming from the observations of Bergenhem 
& Fahraeus [1936] already referred to. The value of splenectomy in some 
haemolytic anaemias could thus be explained but the extent to which 
the spleen is thus an agent in red cell destruction under normal conditions 
remains to be determined. 
_It must be concliided, therefore, that there is as yet no evidence that 
the spleen normally destroys significant numbers of red cells but rather 
that they survive for longer periods due to its agency. 7 


Improbability that the spleen is primarily concerned with 
red cell destruction 
In anaemia due to simple haemorrhage the spleen of the dog con- 
centrates and stores blood to the same relative extent as normally 
(Stephens, 1938c]. Although the animal may have only one-half the 
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normal number of red cells in the general circulation, blood from the 
splenic vein in this case is a thick paste of red cells three times as 
concentrated as that in the splenic artery. Moreover, the spleen is at 
the same time enormously dilated with this concentrated blood. It is 
difficult to understand why one of the most contractile organs in the 
body should remove these red cells from the circulation if their destruction 
is its aim. 

Again, no evidence of selection of red cells for retention in the spleen 
was forthcoming from the foregoing experiments. The demonstration 
by Knisely [1936a] of the mechanism by which the spleen impounds 
red cells in the sinuses and permits the plasma to escape into the pulp 
also renders it improbable that any selection occurs. It would be not 
unreasonable to suppose that instead of actively destroying red cells, the 
organism has great difficulty in maintaining their integrity. 


Suggested action of spleen on red cells 

Prolongation of red cell life could be brought about in the following 
ways: 

(a) Rest from ionic exchanges. An outstanding fact is that red cells, — 
kept for long periods in a reduced state in the spleen, are thus temporarily 
removed from the repeated Hamburger ionic interchange associated with 
their life in the circulation. The following considerations indicate that 
these incessant exchanges may result in a final ionic state of the corpuscle 
favouring its disruption. 

If the ionic exchanges and chemical changes which the red cell 
experiences during the respiratory cycle occurred with instantaneous 
velocities and were completely reversible with reversed conditions, a red 
cell should experience no difficulty in adjusting itself to its environment 
even when the time spent in the reduced state was unequal to the time 
spent in the oxidized state, when oxidation occurred in one plasma 
milieu and reduction in another, and when it was exposed to varying 
temperatures during circulation. Starting from a given state, taken 
through any physiological cycle and then returning to the initial con- 
ditions, the corpuscle may be expected to return immediately to its 
original state, however, only if the reaction velocities are sufficiently 
rapid and if no chemical changes other than oxidation and reduction 

have taken place. 
| But, in fact, even the ionic exchanges across the red cell membrane 
require long periods for the establishment of equilibrium [Hummel, 
1935], the hydration of CO, requires the catalysis of carbonic anhydrase 
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[Roughton, 1935], chemical changes do occur in the formation of 
carbamino compounds [Roughton, 1935], of haemoglobin-anion com- 
plexes [Henriques, 1929], and due to the respiration of the cell. The 
conditions for immediate readjustment during the respiratory cycle are 
therefore not fulfilled. | 


Experimentally Hastings, Sendroy, McIntosh & Van Slyke [1928] _ 


Jserum serum 

whereas the Donnan theory predicts equality of these ratios unless marked 
variations in ionic activities occur inside the cell or anion-haemoglobin 
complexes are formed. Hummel [1935] found that [Cl-] ceus/[Cl-] serum 
increased continuously during periods up to 60 min., whilst [HCO,~]cens/ 
[HCO,-]serum diminished during the same time when blood was exposed 


to an atmosphere of CO,. A stage was passed through at which the ratios. 


were equal. Temperature effects on the ratios were also seen. Again, 


- Hastings & van Dyke [1928] found after feeding bromides to dogs, 


[Br-] ceus/[Br-]serum Was a8 much as four times greater than [Cl-]cens/ 
[Cl-]serum. Hober [1936] states that the penetration rate of ions through 
membranes does not follow the order of ionic mobilities, but the Hofmeister 
series, Br- penetrating more rapidly than Cl-, and this fact may be related. 
These considerations indicate that some red cells may require time to 
reach ionic equilibrium. 

Thus it may be that ionic equilibrium is sometimes not reached before 
the reversal of gas transfer, and the initial conditions would not be 


restored unless the plasma environment were unaltered throughout and — 


there were no time lag. Accumulation or impoverishment of some 


particular ionic species is therefore to be expected. Such changes would 


be self-limiting owing to opposing diffusion gradients. 

The alkaline tide during digestion confronts the red cell with an 
altered ionic milieu. There then occurs also a change in the red cell-plasma 
relationships shown by increased sedimentation rate of the portal vein 


blood [Gawrilow, 1928]. The dilatation of the spleen [Hargis & Mann, 


1925] and the prolongation of the storage phases in the sinuses during 
digestion [Knisely, 1936a] are therefore to be expected if a function of 
the spleen is to permit ionic readjustments to occur (Stephens, 1938a). 
The engorgement of the spleen produced by many narcotics may have 
a similar purpose. 

There seems no reason why changes with time in the ionic content of 
red cells similar to those found in vitro by Hummel should not occur in 
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the spleen sinuses. A markedly reduced state of blood which has resided 
for long periods in resting spleens has often been observed. Evidently 
very little oxygen reaches red cells stored in the spleen sinuses, a result. 
which may be expected from the experiments by which Barcroft & 
Barcroft [1923] demonstrated that these cells are often shut off for an 
hour or more from CO in the general circulation. 

Extremely high sedimentation rate in spite of increased red cell 
concentration of blood emerging from the spleen under certain con- 
ditions [Stephens, 1938c] may mean either that the chloride concentra-— 
tion of the plasma has been altered or that the protein content has been 
increased, but the effects are at least consistent with the occurrence of 
ionic exchanges between plasma and red cells. Varying concentrations 
of sodium chloride may produce opposite effects on sedimentation rate 
at different concentrations [Enocksson, 1931], but the usual effect of 
‘adding sodium chloride to blood is to diminish the sedimentation rate 
[Reichel, 1936]. 

The surface qualities of red cells must also be important in the 
preservation of their integrity by providing adequate facility of ionic 

exchange. The surface changes which red cells experience in the spleen 

may be concerned here and also in facilitating the de-aggregation of red 
cells which Knisely [1936a] showed to be extruded’ into the splenic 
venules in closely packed casts of the sinuses in which they have 
resided. 

Even in the presence of an akianis permeable envelope and 
optimum ionic content, deficiency of carbonic anhydrase as in foetal 
blood would delay the exit of HCO,- from the cell and entry of Cl-. 
Effects on the formation of carbamino compounds and the H+ concentra- 
tion in the cell are then to be expected, and may be concerned in red cell 
haemolysis at birth. Moreover, the amount of CO, which even the mature 
red cell may catalyse is restricted by its ioni¢ contents [Booth, 1938]. 

(6) When the plasma is separated from the cells and applied to the 
spleen pulp [Knisely, 1936a] changes could be produced in it and 
haemolytic substances removed. Barcroft & Florey [1928] have shown 
that the spleen may remove dyestuffs from the plasma via the lymphatics. 
The removal of haemolytic substances is an equal possibility. 


SuMMARY 


1. No evidence could be found of different surface character of ad 


cells retained in the spleen over those which escape — the process 
of 
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2. There is no evidence of selective retention or exclusion of reti- 
culocytes by the spleens of dogs. 

3. Splenectomy in dogs was followed by anaemia and the presence 
in the circulation of reticulocytes and other immature red cells persisting 
for 16 months. The haematocrit value of the blood fell in 3 weeks to 
approximately two-thirds of the value before splenectomy, and returned 
to normal in' 2-3 months. 

4, In guinea-pigs splenectomy produced a slight anaemia repaired in 

12 days. There occurred here also a reticulocytosis and appearance in the 
circulation of other immature cells. 

5. Removal of a pathological spleen in a case of acholuric jaundice, 
however, produced blood changes exactly opposite to the above. 
Reticulocytes disappeared and the red cell count immediately increased. 

6. Stratified sedimentation is described and was found in the blood 
of splenectomized dogs and guinea-pigs, of anaemic dogs and cats, of 
thirty-seven in a series of fifty-six human subjects suffering from 
secondary anaemias and of human subjects in disease without anaemia 
where bone marrow response was probably compensatory. The upper 
stratum contains reticulocytes and immature red cells not identifiable 
by staining. Immature red cells may thus be isolated from the blood. 

7. The upper limit of a sedimenting column of normal blood which 
does not exhibit stratification contains a greater proportion of reti- 
culocytes than the general bulk of the blood. Reticulocytes are best 
sought here if stratification does not occur. 

8. The formation of the upper stratum of sedimenting blood is due 
to the diminished aggregation tendency of the red cells constituting it. 

- 9. The upper zone of sedimentation in stratified bloods often becomes 
reduced and dark lilac in colour within 10-20 hr. after forming. This 
is attributed to the respiration of the leucocytes or the immature red 
cells comprising it. 


10. The surfaces of reticulocytes and non-reticulated immature red 


cells resemble those of leucocytes as regards their electrokinetic potential 
and low aggregation tendency. | 
11. Red cell electrophoretic velocity lower than normal (when 
measured from whole blood) is found in association with (a) increased 
aggregation tendency which manifests itself as an increased sedimentation 
rate, (b) diminished aggregation tendency, as in the reticulocytes and 
other immature red cells, whose electrophoretic speeds are charac- 
teristically from two-thirds to one-half of the normal value. The same 
ratio is found in man and dogs. 
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12.. Electrophoretic velocity higher than normal (measured from 
whole blood) is also found associated with a diminished aggregation 
tendency in red: cells which have changes due to 
action of the spleen. 

13. Red cells in acholuric ‘aunilios hana immature red cells in 
exhibiting low electrophoretic speed and low aggregation tendency. 

14. Interpretation: Normally the spleen prolongs the life of red cells. 
Only in pathological conditions does it shorten their life. 

15. It is suggested that the spleen may enable red cells to withstand 
destructive stresses imposed by repeated Hamburger ionic exchanges. 
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SIZE OF THE SPLEEN IN RELATION TO 
BLOOD SEDIMENTATION RATE 


By J. G. STEPHENS 
From the Sir William Dunn School of Pathology, Oxford 
(Received 21 October 1938) 


THE persistent contraction of exteriorized spleens of dogs first observed 
as a concomitant of pregnancy by Barcroft & Stephens, has since been 
described in a variety of conditions. These may be summarized as: 

(1) During the latter part of pregnancy [Barcroft & Stephens, 1928]. 

(2) During lactation [Barcroft, 19325}. 

(3) Aseptic necrosis of the skin [Barcroft, 1932a]. 

(4) After the operation by which a portion of intestine was ex- 
teriorized [Barcroft & Florey, 1929]. 

(5) Peritonitis [Barcroft & Florey, 1929]. . 

(6) Aseptic laparotomy under anaesthesia and manipulation of 
viscera [Barcroft, 1932]. 

Hitherto no explanation has been forthcoming to account for the 
splenic contraction in this apparently unrelated group of conditions. 
It was pointed out, however, that there is a common factor associated 
with each case, that is, an increased blood sedimentation rate [Stephens, 
19384]. 


The evidence that the sedimentation rate has been increased calls 
for consideration: 

(1) In a pregnant dog the rate was observed to be 14 mm./hr., the 
normal value being approximately 1 mm./hr. In nine pregnant cats the 
rate was from 28 to 8 mm./hr.; normally it is 3-4 mm./hr. Inthe human 
subject the high sedimentation rate and altered plasma protein com- 
position is familiar. 

(2) During lactation the sedimentation rate of three dogs was found 
to be high, viz. 12, 15 and 5 mm. per first hour. The normal value is 


0-5-1 mm. Increased sedimentation rate Coe lactation is known in 
human subjects. 
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(3) In skin and tissue damage in the human case similar to that 
described by Barcroft, the sedimentation rate is increased [Reichel, 1936]. 

(4) and (5) The effect of aseptic operative procedure undér anaesthesia 
in accelerating the sedimentation rate is well xnown and is discussed by 
Reichel [1936]. 


(6) Acute peritonitis produces an increased sedimentation rate in 


the human subject [Reichel, 1936]. 


10 20 30 40 6 70 80 9% 10 Yo 120 yo 190 160 170 


a, spleen partially contractile; 6, lump in groin suppurating—spleen not contractile; 
¢, suppuration ceased; d, excision of oat seed (ether); ¢, excision suture suppurating; 
f, spleen not contractile; g, spleen contractile—wound healed; A, spleen normally 
contractile. 


in one hour for - 
100 mm. column 


Sedimentation rate 


Sedimentation rate 


a, upper level undefinite; b-c, upper level 1-43 mm. undefinite; 
d, stratification commenced; e, no stratification in one hour. 


__Haematocrit 

a, haematocrit in mm. for 100 mm. column of citrated blood. 
Fig..1. Sedimentation rate, spleen size, h tocrit relationships in presence of septic focus. 


Confirmation of this view that increase in the sedimentation rate is 
associated with a contraction of exteriorized spleens was forthcoming 
when the exteriorized spleen of a dog prepared by the method previously 
described [Barcroft & Stephens, 1927] exhibited changes which are 
shown in Fig. 1. The sedimentation rate determinations were already 
proceeding before the onset of the present changes, and were measured 
on 100 mm. columns in Wintrobe tubes of 3 mm. bore. The blood was 
diluted one-quarter its volume of 3-8% sodium citrate. Haematocrit 
values were determined by centrifugation of the same specimens in the 
same tubes for a standard time at a standard velocity. 
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For 2 days the spleen became fixed in size at the normal resting size 
and during this stage contracted scarcely at all in response to exercise, 
adrenaline injections or amy] nitrite inhalations. This fixation was noticed 
by accident during an attempt to photograph the contraction due to 
these agents which the spleen had previously shown quite well. In 
external appearance the spleen was then a little more blue in colour than 
it had previously been, but otherwise looked normal. The appearance 
at this stage is shown in Fig. 2. 

There occurred next a stage of secalitenia self-contraction lasting 
7 days and during this phase there was no response whatever to exercise 
or adrenaline injections. Concurrently with the self-contraction the 
sedimentation rate of femoral vein blood increased from 7-5 mm. per 
first hour to 12 mm, and later to 16mm, It was noticed that a lump 


3 x 2 cm., exuding pus, had appeared in the right groin. This was thought 


to be a.gland abscess. Four days after the onset of the splenic shrinkage 
the inguinal lump ceased to exude pus. On the fifth day pus again 
appeared. Accordingly, ether was administered, the lump excised and 
the incision sutured. It proved to be, not a gland, but an inflammatory 
mass around a large oat seed about 1-5 cm. in length. Two days after its 
removal the spleen became enlarged and red in colour. The change was 
marked and apparent to the naked eye. 

The cessation of suppuration coincided approximately with a return 
of the sedimentation rate to almost its original value of 7-5 mm./hr. But 
after the anaesthesia, although the spleen enlarged the sedimentation 
_ Tate increased to 22 mm. as shown. The complicating effects of the ether 
anaesthesia and of the fact that any sedimentation rate increase is known 
to follow late after the onset of disturbances which cause it must be 
considered here. (Sedimentation rate increase follows some days after 
the pyrexia indicating the onset of some lesion, for example.) 

On the tenth day from the commencement of the splenic shrinkage, 
the sedimentation rate suddenly increased to 38-5 mm./hr., with a diffuse 
upper level, the haematocrit value remaining at 25 mm. This was only 
2 days after the spleen had enlarged, and it was now found to be shrunken 
again. Simultaneously the stitches of the operation incision in the groin 
were found to be suppurating. The spleen shrank still further during the 
next 2 days and was not contractile. Its size returned to the normal 
value that it had before the onset of the entire preceding cycle, only when 
the incision healed, and it then exhibited normal contractility. 

The subsequent steady diminution in size during a period of 3} months 
presents nothing unusual in the behaviour of exteriorized spleens. These 
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Fig. 2. Exteriorizcd spleen before onset of contraction cycle. y%, actual size. 
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have always been observed gradually to become smaller-over periods of 
months [Barcroft & Stephens, 1928]. Eleven months later the spleen at 
present described was approximately one-quarter of its bulk at the 
commencement of these observations. Protuberances which appeared on 
its surface during this period may have represented attempts at regenera- 
tion. Strangulation by epithelium and connective tissue is one of the 
causes of this gradual diminution in size. 

From the time of onset of the stitch suppuration the sedimentation 
rate changes became complicated by the onset of stratification and the 
release into the circulation of red cells of peculiar aggregation character, 
which have been identified as immature cells [Stephens, 1938}]. 

Five of seven other exteriorized spleen dogs examined showed this 
phenomenon of stratified blood sedimentation at some stage in their 
history [Stephens, 1939], but in these cases the onset was gradual. The 
findings here suggest that this occurrence was precipitated by the 
splenic shrinkage which preceded it. This would seem to indicate that 
the temporary shrinkage was equivalent to a temporary splenectomy. 
The fact that the stratification persisted after the spleen had enlarged 
again shows that the spleen never fully recovered normal function, but 
at this stage it was not different from other exteriorized spleens, as 
previously stated. | 

The haematocrit values remained approximately constant until towards 
the end of the phase of splenic shrinkage when a small increase occurred. 
It is possible that this increase represents corpuscles disgorged from the 
spleen. But the significant point is that there was no decrease in the 
haematocrit value. The results must therefore be interpreted to mean 
that the changes in sedimentation rate are to be ascribed to alterations 
in the plasma composition rather than the corpuscular content of the 
Persistent contraction of exteriorized spleens therefore apparently | 
occurs as a concomitant of increased red cell aggregation tendency. There 
seems no reason why these effects should not occur with the normal 
spleen as far as its red cell content is concerned. In the human subject, 
however, the occurrence of high sedimentation rate may be associated 
with proliferation of the spleen macrophages and with disturbances in 
the leucocyte picture, reversing the splenic size changes. 

Artificial increase of the sedimentation rate by intravenous injection 


of 10% gelatin solutions, 10-15 c.c./kg. body weight, or by injection of 


the serum of pregnant animals was observed to cause a transient 
shrinkage of the spleens of cats whilst intravenous saline or glucose 
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injections caused a transient dilatation. But in these experimenits several 
factors such as the blood volume, the red cell aggregation tendency and 
the red cell concentration were being varied simultaneously so that no 
conclusions are possible. It was noticed, however, that after gelatin x 


stimulation of the spleen caused infarcts in it with great facility. 


injections when the sedimentation rate was 50-60 mm./hr., faradic > ] 


MECHANISM OF SPLENIC SHRINKAGE.IN ASSOCIATION 


WITH INCREASED SEDIMENTATION RATE 


Concerning the fixation of the spleen at its resting size prior to od 
shrinkage, no explanation is forthcoming from the data at hand. Nor — 
can it be decided whether the persistent contraction results from or is 
the cause of the increased red cell aggregation tendency, or whether both 
changes are merely associated as simultaneous effects of an unknown 
common cause. 

The phenomena must be considered in relation to the observations 
on living spleens by Knisely [1936], who showed that there are con- 
tinuous walled channels from arteriole through capillary and sinus to 
the collecting veins. Pulsating blood flow occurs in the sinus and 
capillary just as in the arteriole followed by a storage phase which 
occurs when the efferent end of the sinus closes. Red cells are then 
closely packed in the splenic sinuses whilst the plasma separates off, 
passes through the sinus wall to the spleen pulp, and later rejoins the 
red cells usually in the trabecular veins. Some red cells also penetrate 
the sinus wall and reach the pulp, returning the same way, but these are 
relatively few unless the spleen is injured. 

The increased red cell aggregation tendency could thus cause shrinkage 
of the spleen due to aggregates formed in vivo impeding the passage of 
blood through the splenic vessels. Fahraeus [1929] has shown that such 
aggregates necessitate the application of large pressures for their dis- 
integration and to force them through small orifices, Shrinkage of the 
spleen could thus occur due to impeded circulation apart altogether 
from nervous factors. Indeed Barcroft has shown that the shrinkages 
associated with lactation [1932], aseptic operation [1931], and skin 
necrosis [1932a] occur even when the nerves to the spleen are cut. This 
may be taker to indicate that an aggregation or hydrodynamic mechanism 
is responsible. 

On the other hand, the shrinkage associated with pregnancy was not 
seen when the nerves entering the hilus of the spleen were cut [Barcroft, 
19326]. This would seem to indicate that a nervous factor was also 
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involved in this case, but the result may also be related to the fixation 
of the spleen at its resting size as described above. Some uncertainty 
attaches to the degree of denervation produced by section of the hilar 
nerves [Barcroft, 1936] so that oyna: discussion must await clarification 
of this point. 
Proliferation of the lymphoid tissue of the dee or ‘ieaiauation of 
haematopoetic function could account for its fixation at the resting size 
and may also be concerned in the production of splenic shrinkage due to 


: effects on the circulation. 


Persistent contraction of the spleen could produce increased sedi- 


“sdasadhan rate of the peripheral blood if the spleen normally acts to 


diminish the red cell aggregation tendency and sedimentation rate of the 
entire circulation. Such an action of the spleen has been observed in 


3 3 a= ” blood obtained from the splenic vein or by spleen puncture [Bergenhem 
& Fahraeus, 1936; Mellgren, 1938; Stephens, 1938c], and if this effect 


extends to the general circulation its cessation during contraction of the 
spleen would account for the correlated changes observed. 


SuMMARY 


1. The size of an exteriorized spleen has been observed to diminish 
as the blood sedimentation rate and red cell aggregation tendency 
increased, This association is correlated with the previously described 
similar persistent shrinkage in pregnancy, lactation, aseptic operative 
procedure, skin necrosis and peritonitis. If the increased red cell aggre- 
gation tendency is the cause of the splenic shrinkage, the effect may 
arise from augmented formation of aggregates impeding the flow 
through the splenic vessels. 

2. When the spleen is stimulated to contraction in the presence of 
a high sedimentation rate of the general blood circulation, infarcts appear 
in it with great facility. 

I am indebted to Prof. H. W. Florey for his interest and encouragement in this work, 
and to Dr A. G. Sanders for assistance with the photography. I wish also to thank the 


Medical Research Council for a personal grant and the Trustees of the Nuffield Fund for 
a disbursement towards the laboratory expenses. 
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THE CREATININE, SUGAR, AND UREA EQUILIBRIUM 
BETWEEN PLASMA AND LYMPH, AQUEOUS 
HUMOUR, CEREBRO-SPINAL FLUID, AND 
GASTRIC SECRETION AFTER A HYPER- 
| TONIC INJECTION OF THESE 

SOLUTIONS 


By J. DOUGLAS ROBERTSON anp P. C, WILLIAMS! 
From the Courtauld Institute of Biochemistry, Middlesex Hospital, W. 1 
(Received 28 October 1938) 


Or recent years it has become the practice to consider all fluids such as 
lymph, those in the serous cavities, synovial fluids, cerebro-spinal fluid, 
and aqueous humour, as simple ultra-filtrates of blood plasma. The very 
low protein content of the cerebro-spinal fluid and aqueous humour, 
which is one of their distinctive features, was believed to be due to the 
presence of a second membrane reinforcing the capillaries in the choroid 
plexus and the ciliary body respectively. 

It is well known that the production and absorption of fluids dialysed 
from blood plasma are governed by simple physical laws depending on a 
balance between the hydrostatic and colloid osmotic pressure in the 
capillaries. In recent publications Robertson [1937, 1938a, 19385; 
Noble & Robertson, 1938] has shown that the formation of the aqueous 
humour is not governed by these simple laws. He showed that the 
equilibrium level of the intra-ocular pressure was not maintained by the 
hydrostatic pressure in the capillaries minus the difference in osmotic 
pressure between blood and aqueous humour, and concluded that the 
intra-ocular fluid could no longer be regarded as a simple ultra filtrate of 
blood. 

Many chemical analyses have been carried out on these interstitial 
fluids in an attempt more strictly to define their nature, and some 
confusion has arisen regarding the interpretation of the various findings. 


It would appear that the equilibrium for sodium and chloride in all these 


fluids i is such as would be expected if they were an ultra-filtrate of blood 
Working with a grant from the Medical Research Council. 
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plasma. The work of most investigators, however, has shown that the 
distribution of carbon dioxide and of other electrolytes such as calcium, 
potassium, and phosphate, in the aqueous humour and cerebro-spinal 
fluid was not in accord with ultra-filtration. Non-electrolytes, such as 
urea, glucose, uric acid, and creatinine, have also been determined in 
these fluids. These substances are freely diffusible, and they should be 
equally partitioned between blood and its ultra-filtrates. Arnold & 
Mendel [1927], Walker [1933], Heim [1933], Heim & Berg [1933], and 
Heim, Thomson & Bartter [1935] have carried out analyses on cervical 
and thoracic lymph and they have found that the concentrations of 
sugar, urea, and creatinine is the same as that in the corresponding 
plasma. They further found that the glucose tolerance curves for simul- 
taneously collected lymph and plasma closely resembled one another and 
that insulin caused a similar fall in both. The aqueous humour has been 
analysed among others by de Haan & van Creveld [1921], Ask [1927], 
Adler [1930], Benham [1937] and Walker [1933], and they have found 
that the concentrations of sugar, urea, and uric acid are less than that 
found in the corresponding plasma. The most inclusive work on the 
chemistry of the aqueous humour has been carried out by the last author, 
and he found the sugar, urea, and uric acid content of the aqueous to be 
30 % less than that of the plasma. Kirby, Wiener & Estey [1932] have 
studied the sugar concentration in the aqueous humour after the in- 
gestion of glucose and found it only slightly greater than the concentra- 
tion in the plasma. After insulin injection they found that the sugar 
concentration in the aqueous humour often exceeded the simultaneous 
concentration in the blood. The cerebro-spinal fluid has received more 
attention than the aqueous humour, and the conclusions of most workers 
are that the concentration gradient of non-electrolytes from plasma to 
spinal fluid is similar to that from plasma to aqueous humour [Walker, 
1933; Alpers, Campbell & Prentiss, 1924; Cockrill, 1931]. 

Most of the analyses on the various body fluids have been carried out 
on man and animals in the fasting condition. In view of the small volume 
of fluid, such as aqueous humour, available and the relatively large 
volume of the sample required for accurate chemical analyses, simul- 
taneous determination of more than one constituent has been difficult. 
The following experiments constitute an attempt to supplement the work 
of previous observers by studying the creatinine, sugar, and urea con- 
centrations in the aqueous humour, cerebro-spinal fluid and lymph after 
the intravenous injection of a concentrated solution of these non- 
electrolytes, with a view to determining the manner of formation of these 
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fluids. The increased concentration of these crystalloids in the various 
body fluids would make possible their estimation in the small volumes of 
the samples available. It was decided also to observe the concentration 
of these substances in the gastric secretion, as little information is 
available on this subject. 7 
EXPERIMENTAL | 

Adult male cats, starved 24 hr., were maintained under “nembu 
(sodium ethylbutylbarbiturate) anaesthesia throughout all experiments. 
Respiration was kept at a steady rate by means of a respiratory pump 
and tracheal intubation. Blood from the carotid artery was used for the 
blood analyses and the hypertonic solution (50 % glucose, 25 % urea, 
5 % creatinine) was injected into the jugular vein. The cats were fed with 
cream the preceding evening to facilitate cannulation of the thoracic 
duct, and half an hour before the injection 200 c.c. of normal saline were 
given intravenously to ensure an adequate lymph flow throughout the 
experimental period. A gastric fistula was established after ligating the 
pylorus and a technique similar to that formerly reported (Cutting, 
Dodds, Noble & Williams, 1937] was followed. Gastric stimulation was 
maintained by hourly injections of 1 mg. histamine subcutaneously. The 
aqueous humour and cerebro-spinal fluid were collected at various 
intervals after the injection. When the second eye was evacuated the 
reformed aqueous humour of the first eye was withdrawn at the same 
time for the purposes of comparison with its neighbour. 

Creatinine was estimated by the method described by Folin & Wu 
[1919], sugar by Benedict [1931], and urea by Barrett [1935]. Two control 
experiments were carried out, the hypertonic injection, only, being 
omitted. 

RESULTS 

Figs. 1-3 are the mean curves of three experiments showing the con- — 
centrations of three substances, before and following the injection. 

The graphs show that in all cases the concentration in the lymph © 
closely follows that in the blood after a short time lag of about fifteen 
minutes. The concentration of urea and creatinine in the gastric juice 
also slowly rises, reaching values equal to those in the blood forty-five 
minutes after the end of the injection; the glucose, however, is not so 
readily excreted and the concentration remains low. The aqueous humour 
and cerebro-spinal fluid values are very low throughout, never attaining 
even 50 % of the blood values. The curves for aqueous humour and 
cerebro-spinal fluid concentrations are necessarily of less accuracy than 
the others, since it is only possible to take two aqueous specimens and 
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Fig. 1. Sugar content of body fluids following injection of 50 % glucose solution, 25 % 
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Fig. 2. Ures content of body fluids following injection of 25 % urea solution, 60 % glucose 
solution and 5 % creatinine solution. 
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Fig. 3. Creatinine content of body fluids following injection of 5 % creatinine solution, 
25 % urea solution and 50 % glucose solution. - 

one cerebro-spinal fluid specimen from each animal. There is, however, 
definite evidence that the peak concentration in the aqueous is only 
reached between 45 and 60 min. after the injection as shown by the 
s figures in Table I. The resting values for the aqueous humour are cal- 
culated as 70 % of the value for the blood, following Walker [1933]. 

Our own figures on the two control animals actually gave a mean value of 
16%. 

I, Concentrations in aqueous humour (mg./100 c.c.)* 
Time after 


...Immedietely 80min. (45min. @0min. 90min, 


! 


* from the thre were no made on 
lymph in this cat. } 


70 4 
3 
3 
| 
2 
C.S.F. a 
Glucose: 
Cl 296 362 — 
C3 301 336 q 
Urea: 
Cl 45 60 — 
C2 53 70 3 q 
C3 oom 84 4 
Creatinine: 4 
C2 2.8 6-6 
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G.J. =gastric juice; A.H.=aqueous humour; C.S.F. =cerebro-spinal fluid. 


Tastz II. ¢ cat, 4980 g. Injection of hypertonic glucose, creatinine, urea solution. 5 c.c./kg. at 2 0.c./min. 0-10 min. 
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The values obtained for the reformed aqueous humour approximated 
more closely to those for the blood specimens at the same time; thus in 
three analyses made 30 min. after the first evacuation of the eye the 
values for sugar, urea and creatinine were 81, 62 and 87 % of the blood 
values, while one analysis made after 45 min. gave corresponding values 
of 101, 96 and 150 %. 

Table II is the complete buoneo! of a typical experiment together 
with the maximum and minimum values obtained in the controls. 


Discussion 


Among the methods available for determining the nature of the body 
flyids there are the physical and the chemical equilibria that exist between 
them and the blood plasma. It is well known that the formation and 
absorption of the interstitial fluids, such as tissue fluid, lymph, pleural 
and peritoneal fluids, are preserved by a balance of the hydrostatic and 
colloidal osmotic pressure in the capillaries. Evidence has been brought 
forward to show that the aqueous humour does not share in the water- 
logging and dehydration common to other tissues of the body, and that 
the equilibrium level of the intra-ocular pressure is unaffected by the 
failure of these factors which govern the normal interchange of fluid 
throughout the body. In this respect the cerebro-spinal fluid resembles 
the aqueous humour. The forces which control the volume and pressure 
of the aqueous humour and cerebro-spinal fluid would appear to be highly 
specialized and inexplicable oy the simple physical laws of osmosis. It 
can be concluded therefore that from observations based on the physical 
equilibrium neither the aqueous humour nor the cerebro-spinal fluid is 
an ultra-filtrate of blood plasma. 

The chemical composition of a dialysate or ultra-filtrate of blood 
plasma is such that non-electrolytes such as glucose, creatinine, uric 
acid, or urea are equally partitioned per unit of water, whereas electro- 
lytes such as sodium, chlorine, potassium and calcium are unequally 
distributed in accordance with the predictions of the Gibbs-Donnan 
equilibrium. The chemical equilibrium for electrolytes and non-electro- _ 
lytes just described is preserved in the case of the interstitial fluids such 
as lymph, pleural and peritoneal fluids, thus establishing further proof 
of their formation by simple ultra-filtration. In the case of the cerebro- 
spinal fluid and aqueous humour, only the electrolytic equilibrium for 
Nat and Cl- is in-accord with ultra-filtration. The distribution of 
electrolytes such as calcium, phosphate, potassium and non-electrolytes 
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such as urea, uric acid, glucose, creatinine, is not in accord with ultra- 
filtration. When freely diffusible and eminently filtrable substances such 
as creatinine, urea, and glucose were injected intravenously in a con- 
centrated solution, it was found that these substances were approximately 
equally distributed between lymph and blood plasma, but in the aqueous 
humour the concentrations of urea and sugar was only 40 % and creatin- 
ine 12 % of that in the plasma. It was found that the diffusion of these 
substances into the stomach was much easier than that into the eye, 
sugar being least readily filtrable. A peak in the concentration of all 
these substances is found before the end of the experimental period as is 
shown in Table I, so that the low figures are not just due to a particularly 
slow form of filtration into the eye. The aqueous humour formed after the 
evacuation of the eye certainly is different from the normal aqueous 
humour. It has all the qualities of such an ultra-filtrate as lymph, 
rapidly reaching equilibrium with the blood and even containing measur- 
able amounts of protein. Evacuation thus appears to alter the conditions 
governing the permeability of the membrane. It has been stated that it 
is the presence of a second membrane reinforcing the capillary wall in the 
ciliary body which explains the low protein content of the aqueous humour 
and the impaired filtration of freely diffusible substances such as urea, 
glucose or creatinine. The similarity in the concentrations of these sub- 
stances in the aqueous humour and the gastric secretion suggests that the 
presence of a membrane at the ciliary body similar to that in areas where 
a secretory process occurs might adequately explain the unequal distribu- 
tion of urea and other freely diffusible substances. The incomplete filtra- 
_ bility of glucose, urea, and creatinine by the ciliary epithelium is further 
proof that the aqueous is not formed by ultra-filtration. 


SUMMARY 


1. It is confirmed that freely diffusible substances such as urea, 
glucose, and creatinine are present in approximately equal amounts in 
the lymph and blood plasma after their concentrations have been raised 
in the blood by an intravenous injection. 

2. These substances do not diffuse easily into the aqueous humour, 
and their concentration in the eye is approximately the same as that in 
the stomach, 

3. Further proof is brought forward that the aqueous humour can no 
longer be regarded as a dialysate. 

4, The aquedus humour that is formed following evacuation of the 
eye has the characteristics of a normal ultra-filtrate of the blood. 
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LIBERATION OF HISTAMINE FROM THE 
SKELETAL MUSCLE BY CURARE 


By M. ALAM, G. V. ANREP, G. 8. BARSOUM, M. TALAAT 
anp E. WIENINGER (Vienna) | 


From the Physiological Laboratory, University of Cairo, Egypt 
(Received 2 November 1938) _ 


Anrer & Barsovum [1935] found that tetanus of a skeletal muscle, 
evoked by stimulation of its nerve, is accompanied by an appearance of 
measurable amounts of histamine in the venous blood emerging from the 
muscle. An attempt was made by the same authors to determine if 
direct stimulation of a curarized muscle produces a similar effect. This 
led to the discovery that administration of curare even without stimula- 
tion of the muscle is followed by a far greater liberation of histamine than 
ever observed during contractions of the normal muscle. These observa- 
tions, together with a large number of subsequent experiments upon the 
same problem, form the subject of the present. communication. 


METHODS 


All our experiments were made on dogs, and the gastrocnemius 
muscle was used in most of them. The preparation of the muscle was 
carried out according to the technique described by Anrep & Saalfeld 
[1935]. The histamine equivalent of the blood samples was determined by 
the method of Barsoum & Gaddum [1935] and also by using the modifica- 
tion of this method suggested by Code [1937]. The histamine equivalent — 
in this and all the other communications made from this laboratory is 
expressed in terms of histamine acid phosphate per cubic centimetre of 
blood or per gram of tissue. Therefore to express our figures in terms of 
histamine base they should be divided by three. Three different samples 
ai were used. The first was “calabash” curare from British Guiana 

en to one of us (G. V. A.) by the late Prof. E. H. Starling, the second 
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was @ commercial preparation manufactured by Merck, and the third 
was a sample of curarine hydrochloride for the supply of which we wish 
to thank Sir Henry Dale. 

It was found in preliminary tests that administration of curare 
directly into the bath containing the guinea-pig’s ileum evokes no hista- 
mine-like contraction of the ileum. Depending on the amount admin- 
istered the ileum either relaxes or, with small doses of curare, it slowly 
contracts after a long latent period. In either case its sensitivity to 
histamine becomes greatly diminished. Curare which is added to blood or 
| saline in concentrations up to 5 mg./c.c. is completely destroyed or re- 
moved by the manipulations required for the preparation of the final 
extract. Administration of such extracts has no effect on the intestine, 
and the sensitivity of the guinea-pig’s ileum to histamine remains un- 
changed. Similar tests with the same result were made also with the 
sample of curarine hydrochloride. 

The blood of the animals used for the experiments was rendered un- 
coagulable by injection of heparin, of chlorazol fast pink or, and this was 
the usual procedure, of a mixture of the two. Addition of these anti- 
coagulants in the concentrations used had no effect on the histamine 
equivalent of blood. Chloralose, medinal or luminal sodium were used for 
the anaesthesia. Freshly prepared 1 °% solutions of curare in saline were, 
in most experiments, introduced directly into the arterial blood supply- 
ing the muscle. In order to avoid the penetration of curare into the 
general circulation the venous blood of the muscle was drained away — 
during and for some time following the injection. Otherwise, except 
during collection of the blood samples, the venous blood was allowed to 
return to the animal through the femoral vein of the other leg. In some 
of the experiments an amount of blood equal to that removed for the 
| samples was injected into the jugular or the femoral vein after each 
bleeding. 

RESULTS 


In the first few experiments curare was injected with the one i of 
rendering the muscle completely insensitive to nerve stimulation. To 
| achieve this, rather large doses had to be used. This was probably due to 
the removal of the venous blood emerging from the muscle in conse- 
quence of which the drug did not circulate in the muscle but passed 
through it only once during the time of the actual injection, Exp. lis an 
example in which the histamine equivalent of the venous blood is very 
greatly increased by administration of curare. 
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Exp. 1. Dog 13 kg.; Fea NM The muscle nerve was cut about 15 min. 
the collection of the first sample 


Arterial 

| pressure 

ofsamples min.  c.c./min. pg./c.c. pg./c.c. pg./min. mm. Hg. 
1 Venous 0 6-7 0-033 110 
5 10 6.0, of % calabeah injected. 

5 10 c.c, curare 
3 Venous 6 30-0 1-000 0-962 28-86 100 
4 Venous 7 24-0 0-750 0-712 17-10 ~ 400. 
5 Arterial 75 0-038 100 
8 Muscle vein connected to animal 

10 Muscle vein 80 
6 Venous il 12-0 0-500 0-463 5-60 95 
7 Arterial 12 0-037 100 
8 Venous 20 5-0 0-180 0-143 0-72 100 
9 Venous 37 3-7 0-062 1 0-08 100 
10 Arterial 40 0-041 100 
1l Venous 45 5-7 0-036 — — 100 
12 Arterial 48 0-030 100 


The amount of curare used in the above experiment was sufficient to 
cause a complete paralysis of the motor nerve endings. It was found, 
however, that a conspicuous increase in the histamine content of the 
venous blood occurs also when much smaller doses of curare are injected 
so that the muscle continues to respond to stimulation of its motor 
nerve by strong contractions. For example, in Exp. 2 the histamine 
equivalent of the venous as well as of the arterial blood was 0-015 yg./c.c. 
The venous sample collected 1 min. after injection of 0-7 c.c. of a 1 % 
solution of curare contained 0-5yg. of histamine per c.c. The muscle 
showed no obvious weakening to stimulation of its motor nerve. The 
blood flow through the muscle was greatly increased for a short time 
after the injection. 

Exp. 3 shows that the maximum elimination of velesien from the 
‘muscle occurred after the first injection of curare. Further injections did 
not increase this elimination although possibly it may have become more 
prolonged. Also the immediate increase in the blood flow was greater 
after the first than after the subsequent injections. 

In Exp. 4 a second injection of curare was made 35 min. after the 
first when it was hoped that the histamine equivalent of the venous 
blood would have returned to normal. This was not found to be the case. 
The elimination of histamine still continued although it became greatly 
diminished. In this experiment, as in the preceding one, the second 
injection was much less effective than the first. The histamine content of 
the venous blood before curare was 0-018yg./c.c.; 1 min. after injection 
of 4 ¢.c. of 1 Yocalabash curare it increased to to drop to 0-118yug. 
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Venous 25 8-1 1-260 1-210 9-800 


Venous 52 4-9 0-550 0-515 2-540 Nerve endings paralysed 


some time after the injection of curare the venous blood of the muscle 


in the tone of the blood vessels. Injections of even small doses of curare 
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Exp. 3. Dog 9 kg.; gastrocnemius 25 g. The muscle nerve was cut 20 min. — 
_ before the collection of the first sample 


No. and Blood Histamine Histamine 

i Time flow Histamine difference production 
of samples min. c.c./min. jyg.jc.c. yg./min. Remarks 
Venous 0 20 0-047 0007 | 


Arterial 5 a 0-040 
Tetanic contraction of the muscle during first 30 min, ‘of collection of next sample 
3 Venous 10 3-3 0-150 0-116 0-383 Direct stimulation of 
muscle arterial supply 
20 c.c. of 1 % Merck’ injected 
8 curare 
5 Venous 23 8-6 1-100 1-050 9-030 


nerve stimulation 
c.c. of curare 
8 Venous 31 56 0-750 0-700 3-920 Do. 
38 4 c.c. of curare injected 


10 Arterial 55 — 003 — 


on the thirty-fifth minute after the injection. Another 4 c.c. of curare 
were then injected; the histamine equivalent of the venous blood re- 
‘mained, however, unchanged. It was estimated at 0-125yug./c.c. The 
blood flow increased after the first injection to a much greater extent — 
than after the second. The excess histamine per min. increased in the 
venous blood after the first injection from 0 to a maximum of 8-8yg. and 
after the second from 0-5 to 1-5yg. 

The action of curarine hydrochloride is similar to that of curare. For 
example, in Exp. 5 the venous histamine equivalent was definitely less 
than 0-005y¢./c.c., that is, below the limit of accuracy of the method. 
The venous Mood sample collected 30 sec. after injection of 5 mg. of 
curarine dissolved in 5 c.c. of saline had an equivalent of 0-025 yg./c.c. 
and the histamine production was 0-14yg./min. Two minutes later the 
histamine equivalent was 0:31 g./c.c. and the production 2-25 ug./min. 

It was mentioned before that in most experiments during and for 


was drained away from the animal and that an equal amount of fresh 
blood was injected into the jugular vein. The excess histamine derived 
from the muscle was thus prevented from entering the general circulation. 
As a result of this precaution the arterial blood pressure of the animal 
remained fairly steady throughout the experiment. Therefore the varia- 
tions in the blood flow through the muscle indicated changes taking place 
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lead to an immediate and large increase in the blood flow simultaneously 
with a conspicuous increase in the histamine equivalent of the venous 
blood. The increase in the blood flow lasts only for a short time; it 
rapidly returns to normal and frequently falls below normal, while the 
histamine content of the venous blood as compared with that of the 
arterial blood still remains high. It is therefore only during the initial 
stage of the a¢tion of curare that a certain parallelism between the blood 
flow and the histamine equivalent can be noted. The diminution of the 
blood flow which follows the short period of hyperaemia may possibly be 
explained by the following observation. It was found that after adminis- 
tration of curare the blood vessels become almost insensitive to hista- 
mine. In the normal muscle intra-arterial injection of histamine in doses 
as small as 0-25g. led to a short but definite increase in circulation. 
Perfusion of the muscle with about 30 .c. of blood to which 0-1 pg. of 
histamine is added per c.c. may increase the blood flow three to four 
‘times, After administration of even small doses of curare the sensitivity 
of the blood vessels of the muscle to histamine diminishes to such an 
extent that injections up to 200g. fail to produce a vasodilatation. In 
fact, a diminution of the blood flow is usually observed. 

The diminution of the sensitivity of the blood vessels to histamine is 
not the direct result of the action of curare but is due to the histamine 
set free from the muscle. In this respect the action of curare can be 
easily reproduced by perfusing the muscle with blood containing large 
amounts of histamine (1-5yg./c.c.). After a short period of such a per- 
fusion the sensitivity of the blood vessels to histamine is also found to be — 
greatly diminished. Several explanations of this effect can be advanced. 
They will not be considered in the present communication. 

The appearance of large amounts of histamine in the venous blood 
which follows administration of curare is independent of the presence of 
motor end-plates in the muscle. This was shown by experiments per- 
formed on dogs after complete degeneration of the sciatic nerve. For 
example, in an experiment which was made 9 days after section of the 
nerve the histamine equivalent of the venous blood increased 2 min. 
after the injection of curare from 0-05 to 1-8yg./c.c. to drop on the 
eleventh minute to 1-0g./c.c. In another dog 15 days after the section of 
the nerve the increase was from 0-015 to 0-80yug./c.c. to drop on the 
fifteenth minute to 0-13yg./c.c. Similar results were obtained in three 
other dogs which were used for experiments after more than 40 days 
following the operation. 

The histamine appearing in the venous blood after injection of curare 
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is not produced in the muscle but derives from the histamine already 
present in it. This can be proved by determination of the histamine 
equivalent of the muscle before and after injection of curare. A large 
number of control experiments showed that the histamine content of the 
corresponding muscles of the two limbs is approximately the same and 
that different samples taken from the same muscle show negligible 
variations provided no pieces of nerves, tendon or fascia are included. It 
is important to mention that different muscles, even although they may 
be taken from the same limb, may show considerable variations in their 
histamine content. The difference is especially prominent between white 
and red muscles. For example, in the fowl the histamine equivalent of 
the red muscle of the leg may be five to seven times greater than that of 
the white muscle of the chest. Sree 

It is, of course, difficult to make an accurate quantitative comparison 
between the total amount of histamine released by the muscle and the 
amount lost by it. A certain amount of venous blood may escape through 
collaterals in spite of all the precautions taken. Also the elimination of 
histamine continues for a long period of time during which only a few 
blood samples are collected and analysed. A rough calculation which 
was made in a few experiments shows that the total loss of histamine by 
the muscle is of the same order as that released by it into the blood 
stream. For example, in one experiment the right curarized gastro- 
cnemius muscle showed a deficit of 170g. of histamine as compared with 
the gastrocnemius of the left side; the excess histamine in the venous 
blood calculated from the analysis of blood samples taken at intervals of 
2-3 min. was 140g. In another experiment the muscle was found to 
have lost 125g. while the excess of histamine in the venous blood was 
calculated as 103g. A uniform distribution of histamine in the whole 
muscle was assumed in these calculations. 

After injection of curare the diminution in the histamine content per 
gram of muscle may be very considerable. For instance, in duplicate 
samples of a normal gastrocnemius the histamine equivalent was 16-0 
and 16-6.g./g. The histamine equivalent of the curarized gastrocnemius, 
analysed 30 min. after the injection, was 7:4 and 8-2yg./g. in the re- 
spective duplicates. In another experiment the muscle contained 5-9 
and 5-7 ug./g. in the duplicates, while the samples taken from the corre- 
sponding muscle of the other side 45 min. after injection of a large dose 
of curare contained 0-56 and 0-60yg./g. In a third experiment in which 
curarine hydrochloride was used the reduction was from 8-0 and 7:5 to 
3-5 and 3-8ug./g. The various procedures accompanying the experiments, 
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such, for example, as the dissection and a certain exposure of the muscle, 
do not influence its histamine content. 

Experiments on the whole animal. Solutions of curare or of curarine 
hydrochloride were injected into the jugular vein of the whole animal 
with the object of determining whether the histamine content of the 
blood in the general circulation would show similar changes as those 
observed in the blood emerging from a single muscle. In most. experi- 
ments in order to produce a maximal effect the injections of curare were 
made rapidly. The blood samples were collected from the carotid artery. 
Exp. 6 is an example of the results obtained. 


Expr. 6. Dog 12 kg. Chloralose. No anticoagulant 


of arterial blood _ pressure 

Time min. pg./0.c. mm. Hg. 
0 0-04 130 
13 10 c.0. of 1 % curare injected 04 

curare 
14 0-70 30 
16 0-67 35 
21 0-54 42 
34 0-25 65 
69 0-05 100 


No blood was injected during the above experiment to replace the 
60 c.c, taken for the samples. Experiments in which an amount of blood 
equal to that removed for the samples was injected gave similar results. 
A large increase in the histamine equivalent of the arterial blood was 
_ Observed also when curarine hydrochloride was used instead of curare. 
In this respect individual animals show considerable variations. The same 
dose of curare per kg. body weight may produce a very large increase 
in the histamine equivalent in some dogs and a much smaller one in 
others. 

The skeletal muscles seem to be the main source of the histamine 
appearing in the general circulation. As in the case of the isolated muscle, 
the histamine is not produced but released by the muscle tissue as can 
be shown by analysis of the muscle samples taken at various intervals 
after injection of curare. For example, in one experiment before the 
injection the gastrocnemius muscle contained 6-5, 6-2 and 7-1g./g. in 
three different samples. Fifteen minutes after the injection the histamine 


equivalent of the muscle was 5-0, 5:4 and 4-8yg., and 1 hr. after the in- 


jection it was 2-8, 3-5 and 3yug./g. Specially made control experiments 
Showed that the anaesthesia and the manipulations accompanying an 


experiment of this duration do not change the histamine content of the 
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skeletal muscle, In the above experiment, asin several others of a similar 
kind, the diminution in the arterial blood pressure roughly corresponded 
as regards time and magnitude to the increase in the histamine equivalent 
_ of the arterial blood. Very slow injections of curare produce only a small 
fall of blood pressure which rapidly returns to normal. Under these 
conditions the increase in the histamine equivalent of the arterial blood 
is also small if any. Nevertheless, blood samples taken directly from a 
muscle vein show an unmistakable release of histamine. The amount 
released is, however, insufficient to affect the histamine equivalent of the 
arterial blood, probably on account of the rapid removal of histamine by 
the lungs, kidneys and possibly other organs. 

As in experiments on the isolated muscle much smaller doses of curare 
lead to an increase in the histamine concentration of the blood in the 
whole animal than those necessary to paralyse the muscle-nerve endings. 
Therefore, these experiments can be performed on animals without the 
necessity of employing artificial respiration. 

The question whether skeletal muscles are the only source of the 
histamine which is liberated in the general circulation on administration 
of curare has not yet been fully investigated. So far, experiments have 
been made only on the heart and lungs in the heart-lung preparation. 
Analysis of the pulmonary arterial and venous blood gave no indication 
that histamine was released by the lungs. On the contrary, after admini- 
stration of curare, the histamine equivalent of the pulmonary blood was 
in most experiments above that of the arterial blood, showing a de- 
struction or fixation of histamine by the pulmonary tissue. It is 
possible that blood collected from bronchial veins would give a more 
correct indication as to whether the lungs take part in the release of 
histamine into the general circulation. It is clear from these experiments 
that the action of curare upon the lungs in the dog is strikingly different 
from that described by Feldberg & Kellaway [1937] for snake venom in 
perfused lungs of the guinea-pig and cat. 

Experiments which were also made on the heart-lung preparation 
show that the cardiac muscle definitely participates in the liberation of 
histamine by curare. The increase in the histamine equivalent of the 
coronary venous blood above that of the arterial blood is much less 
conspicuous than in the case of the skeletal muscle (Exp. 7). _ 

In other experiments the increase in the histamine equivalents in the 
coronary venous blood was not so marked. Usually the histamine 
difference between the arterial and the venous blood was increased by 
administration of curare about threefold. The increase in the liberation 
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Expr. 7, Heart-lung preparation, dog, 8 kg., blood pressure 100 mm. Hg., systemic 
output 480 c.c./min., temp. 36°5° C., about 500 c.c. of blood in circulation 


No, and 

description Time sinus outflow Histamine difference production 

of samples min. c.c./min. pg./c.c. pg./o.c. pg./min. 
Venous 36 0-055 0-025 0-90 

5 10 c.c. of curare injected | 

3 Venous 84 0-200 0-120 10-08 
4 Arterial 8 0-080 

5 Venous 13 66 0-150 0-070 4-60 
6 Venous 20 60. 0-120 0-038 2-30 
23 Blood in apparatus changed 
8 Venous 0-080 0-039 1-90 


of histamine by the heart was never as prolonged as in the case of skeletal 
muscle, 

Almost all the determinations of the histamine equivalent reported in 
this communication were made by the method of Barsoum & Gaddum. 
In some the modification proposed by Code was also used. For reasons, 
which will be discussed. in another communication, Code’s method almost 
invariably gave higher histamine equivalents than the original method of 
Barsoum & Gaddum. The differences between the venous and arterial 
blood samples and the increase in the histamine production under the 
influence of curare were found to be of the same order whichever method 
was used. Although opinion is still divided as regards the accuracy of 
these two methods it is generally accepted that the active substance 
estimated by either of them is histamine. However, it is not justifiable to 
assume without further evidence that the active principle released by the 
skeletal muscle under the influence of curare is also histamine or a sub- 
stance allied to it. Nor is it evident that this substance appears in blood 
in a physiologically active form. That is, that when transported to other 
parts of the animal it would evoke there the respective histamine like 
response. The following are experiments made in order to settle these 
questions. 

When blood collected from a curarized muscle is subjected to the 
action of histaminase it is found that its histamine equivalent is reduced 
to the same extent as that of a control solution of histamine in saline. 
Injection of blood extracts into an eviscerated, pithed and atropinized 
cat causes a drop of blood pressure of the same extent as an equivalent 
amount of histamine. The atropinized fowl’s rectal caecum rendered 
insensitive to histamine fails to contract on administration of blood 
extracts from a curarized muscle when these are prepared by the method 
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of Barsoum & Gaddum. Conversely, when concentrated blood extracts 
are added to the rectal caecum it becomes insensitive to small doses of 
histamine. 

The increase in the histamine equivalent of the venous blood of the 
muscle observed after administration of curare is frequently so large that 
it is possible to make a direct assay without subjecting the blood samples 
to any preliminary chemical treatment. Blood plasma was used for this 
purpose. Administration of normal plasma to the bath containing the 
guinea-pig’s ileum usually produces a variable degree of relaxation which 
is sometimes followed by a weak contraction. Administration of an 
equal amount of plasma of a blood sample from a curarized muscle 
produces a conspicuous histamine-like contraction of the ileum. In some 
experiments the contraction is so strong that for an approximate deter- 
mination of the histamine equivalent the plasma has to be diluted four 
to five times. It is obvious that an accurate assay cannot be made in this 
way on account of the considerable amount of relaxing material present 
in the untreated plasma. In one experiment in which the histamine 
equivalent was exceptionally high, about 2yg./c.c., the estimation of 
histamine in the untreated plasma and in the extracts prepared by the 
method gave practically indentical results. In other experiments the 
discrepancy between the two determinations was usually considerable. 
For example, while the normal plasma contained 0-045yg./c.c. as de- 
termined by the method, administration of the untreated plasma caused a 
relaxation of the ileum. The plasma of a curarized sample in the same 
experiment contained 0-35 ug./c.c. according to the method of Barsoum 
and Gaddum, and about 0-21yg./c.c. as determined in the untreated 
plasma. These experiments definitely show that the histamine in the 
blood is present, after administration of curare, in a physiologically 
active form. The same conclusion can be arrived at from experiments in 
which the venous blood emerging from the curarized muscle is allowed to 
return into the general circulation of the animal. So long as the blood is 
drained away the blood pressure of the animal remains almost unchanged. 
It immediately falls, however, as soon as the venous blood is allowed to 
reach the general circulation (Exp. 1). Other histamine-like effects 
would be therefore expected to occur in the animal after administration 
of curare, and it is most likely that the bronchial constriction evoked by 
curare [West, 1938] can be explained on the same basis. 
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CoNncLUSIONS 


Curare and curarine hydrochloride release from the skeletal muscle 
into the blood stream considerable amounts of a histamine-like substance 
which is derived from pre-existing stores of it in the muscle. After treat- 
ment with curare the histamine content of the skeletal muscle diminishes 
roughly by an amount which can be recovered from the blood emerging 
from the muscle, The release of the histamine by the muscle does not 
depend on the paralysing action of curare on the motor nerve endings. 
The effect is observed also after degeneration of the muscle nerve. 

Intravenous injections of curare into the whole animal increase the 
histamine equivalent of the arterial blood. The fall of the blood pressure 
produced by a rapid injection of curare usually bears a relation to the 
increase in the histamine equivalent of blood. With the doses of turare 
used no evidence was found that the lungs participate in the release of 
histamine, The heart behaves in this respect like skeletal muscle but the 
effect is less pronounced, 

Evidence is provided that the active substance released by seunele i is 
histamine and that it circulates in the blood in a physiologically active 
form, | 
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THE BLOOD VOLUME AND KINDRED 
PROPERTIES IN PREGNANT SHEEP 


By J, BARCROFT, J. A. KENNEDY anp M. F. MASON 
From the Physiological Laboratory, Cambridge 
: (Received 2 November 1938) 


THE present research consists of a series of observations on the changes in 
blood volume, plasma volume, corpuscle volume and total haemoglobin 
in sheep during pregnancy. The series here given follows on some pre- 
liminary experiments in which Goodman [1936] and Gotsev [1937] took 
part, but until within the last year certain points in the technique were 
insufficiently established and the experiments were insufficiently con- 
trolled. We will, however, mention the preliminary experiments in so far 
as they are helpful. 

The literature of the subject up to 1934 is reviewed by Deickmann & 
Wegner [1934a, 6, c]. There were, when we commenced, no published 
data in which the properties of the blood mentioned above had been 
followed throughout the whole course of pregnancy on single individuals 
and compared with control individuals, although there were some in 
which two or three observations had been made. This applies to work both 
on human beings and animals. In the present series we have aimed at 
making an observation about every 2 weeks. 

We should, however, say that we are in touch with Drs Thomson, 
Hirscheimer, Gibson and Evans, who are at the present time carrying out 
researches on women, and particularly we have to thank Dr Gibson for 
obtaining dye for us when otherwise we would have found it difficult to 
get on. In general, however, in women during the last two-thirds of 
pregnancy, it may be regarded as established that 

(1) the quantities of blood and of plasma rise during pregnancy, 

(2) the corpuscle volume rises, though proportionately to a less extent 
[Deickmann & Wegner, 19345], and 

(3) therefore the haematocrit reading and the oxygen capacity per 
100 c.c. of blood fall. 
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METHOD 


The method of estimating the blood volume is that of injecting 
Evans Blue (T 1824), details of which are described by Kennedy & 
Millikan [1938], where, among other things, the importance of the 
“mixing time” is discussed at length. 

The sheep were stocked rather late in the season on the Cambridge 
University Farm and subsequently kept on the land of the Department 
of Animal Pathology, Milton Road. In addition to grass, each had a 
daily ration of approximately } lb. oats, 4 1b. bran and } bushel of a 
mixture of chopped hay and straw. They were brought in a van to the 
Physiological Laboratory, a distance of about 2 miles, when the time 
came for observation, sometimes the same day and sometimes the 
previous day. It would probably have been better always to have 
brought them on the day of the observation, as in that way their diet 
would have been more regular. Usually more than one sheep was brought 
at a time, and at least half an hour elapsed between the arrival from the 
Field Laboratory and the commencement of the determination. 

In addition to the pregnant sheep, we had as controls three from which 
the uterus had been removed at the end of September 1937. The blood 
volumes of these underwent considerable variations during the weeks 
following the hysterectomy, either due to the operation itself or to the 
movement of the sheep from the hospital to the field, or both. During the 
period of our experiments, namely, in the spring of 1938, the blood 
volumes, etc., were as given below. 

- We also had as a control, sheep 322, which was ostensibly tupped on 
15 January, but which up to 6 June has shown no evidence of being in 
lamb, nor has an X-ray examination revealed a foetus. 


RESULTS 


Taking first the three control sheep from which the uterus had been 
taken (195, 233 and 240), the total blood volume, plasma volume, cor- 
puscle volume, haematocrit readings and weight are shown in Figs. 1-3. 
In general the fluctuations are slight, but there is a general tendency for 
the blood volumes at first to fall—a tendency which was not shared by the 
body weight—and later to rise slightly, which rise is associated with an 
increase in weight. The blood volume per kg. over the whole period of the 
experiment fell slightly (see Fig. 4). 

The only marked sudden change was at the commencement of sheep 
195, where there was a rise beyond what could be accounted for by 
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experimental error and which is shared by the body weight. Apart from 
obscure physiological causes which are beyond our control, we regard the 


8 
Body wt. in kg. and haematocrit in % cells 


Body wt. in kg. and haematocrit in % cells 


0 
120 140 160] days 
Fig. 2. 
Figs. 3, 2. Blood volume, plasma volume and corpuscle volume of hysterectomized sheep 
3 nos. 196 and 233 respectively. 


tal error in the blood volume cudcuseioenin 2 as being about 


experimen 
_ +2 % or perhaps 50 c.c. either way on a blood volume of 2 |. Thus on the 
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following occasions blood volume measurements were made within a few 


days: BY. PV. OY. 
: 1593 552 
1608 628 
750 


A 

2 


| 


Total blood volume, 
plasma volume, cellular volume in c.c. 
i: 
/ 


0 80 100 120 40 days 
Fig. 3. Sheep 240. Legend same as Figs. 1, 2. 


i 


c.c./kg. 
8 8 8&8 8 8 


Fig. 4. Average blood volume, plasma volume and corpuscle volume of 
nos. 195, 233 and 240. 

_ Probably, however, such an observed change as that in the blood 
volume of 233 between 4 April and 5 May does represent a real change. 
Fig. 4 shows the mean of the values for control sheep 195, 233 and 240 
over 100 days, during which determinations were done on all three. The 
figures are for blood volume, plasma volume and — volume 

expressed as c.c. per kg. of sheep. 
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Now to pass to the pregnant sheep, some data for which are given in 
the following table: 


No. 297 336 

3 Jan. 24 Dec. 1 Jan. )* 30 Dec. 

Lam 1938) 2 June 18 May 25 May 25 ed 

of gestation days 145 14 as) 
0 1 


. Of the five sheep under consideration, two are perhaps special cases, 
namely, 275 which had twins, and 297. We have no record of the latter 
being tupped and regarded her as a control. As her blood volume 


Total blood volume, 
plasma volume, cellular volume in c.c. 
| 
3. 
Body wt. in kg. and haematocrit in % cell 


_ Fig. 5. Blood volume, plasma volume and corpuscle volume of pregnant sheep no. 272. 


changed in ways quite unlike the hysterectomized sheep, she was 
X-rayed and found to be pregnant. We therefore only have records of the 
last 100 days or so of pregnancy. These in general confirm other records of 
pregnant sheep but are of interest principally from the fact that the 
pregnancy was tentatively diagnosed from the blood volume changes, 
was confirmed by X-rays, and finally established by the fact that she 
gave birth to a healthy lamb. We shall therefore first consider 272, 293 
and 336. The data for these are shown in Figs. 5-7. The records of these 
sheep contain certain features in common. 
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Tt T T T T T 
7 


Fig. 6. Sheep 293. Hig 


8 
Body wt. in kg. and haematocrit in % cells 


10 
80 100 120 140 20 days 
| Fig. 7. Sheep 336. Legend same as Fig. 5. 
(1) There is an increase in weight which is very pronounced at the 
end of pregnancy. 
Weight (kg.) 


a 
3 
4 
3000 
© | 2000 -* 
Weight 
= 
3 é Plasma volume 
[Cellular 
4 
3 Sheep . Impregnation (approx.) Term 
272 43°6 44-5 53-1 
F 293 31:3 31-3 42-2 
% 336 31-8 35-4 45-4 
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The increases in weight were 9-5, 10-9 and 13-6 kg. respectively. We 


have not the weights of the lambs at birth, but taking them as about 
3-4 kg., it is clear that the lambs, coupled with the growth of the 
placenta, etc., could not account for more than about half the increase in 
weight. It is remarkable too that the major part of the increase takes 


place at the time that the foetuses themselves are rapidly becoming 


heavier. Taking one of our largest lambs, which weighed 4-55 kg., the 
lamb with the uterus—and allowing 500c.c. for the fluids—gave a 
combined weight of 6-7 kg. The increase in the blood volume of the 
mother, as will be shown below, might amount to another }kg. Even 
allowing for all these, there must be considerable increase in the tissue 
weight of the mother. 7 

Attention has recently been drawn to this increase by Fraser [1938], 
who regarded it as being dependent on diet and only taking place in well 
fed sheep. 

(2) The blood volume, and the plasma volume rise as pregnancy 
advances, 

(3) The. corpuscle volume falls a little, therefore the rise in blood 
volume is essentially a rise in plasma volume. We may consider these 
quantities in more detail. 


Blood volume. The blood volume shows a general tendency to rise up 
to.a summit at about 45 days, sometimes a little sooner and sometimes a - 


little later, it then tends to drop to a valley at about 90 days and finally 
to rise to its greatest height which is at, or within, a few days of term. In 
these respects our findings are the same as the preliminary experiments 
of the season 1936-7 in which Gotsev collaborated. 

Plasma volume. The plasma volume tends to rise at the commence- 


ment of pregnancy for about 40-50 days; for the next 50 days it seems to _ 


change very little and finally it rises apart from minor variations till the 
end of pregnancy. 

The corpuscle volume tends to fall and reaches a minimum at about 
50-70 days, after which it tends on the whole to rise, though the fluctua- 
tions are slight. Such as they are they seem to account for the valley in 
the curve of total blood volume at the end of about 90 days, whilst the 
great rises in plasma volume account for the major rises in blood 
volume. 

In considering the significance of these changes we may divide’ the 
periods roughly into two, those before the date at which the foetus 
becomes of any considerable size and those which take place part passu 
* with the growth in bulk of the foetus. 
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. By 40 days the foetus weighs about 4 g., the placenta including the 
cotyledons, weighs only 40 g., yet by this date the plasma volume has 
increased by 200-400 c.c. in the three experiments shown, and in the 
average of seven experiments in the years 1936-8, by 220 c.c. which is 
18 % of the original plasma volume. Both the cause and the significance 
of this rise are obscure. 

As in the rabbit [Barcroft & Rothschild, 1932] the uterus develops 
proportionately sooner than the foetus, though not to the same extent. 
By 40 days the uterus would be about 70-85 g., and at 30 days it weighs 
about 45g. In the later half of pregnancy the blood volume and plasma 
volume rise more or less with the body weight whilst at the early stage 
there is no increase in the body weight corresponding to that in the blood 
volume and plasma volume. | 


X-ray X-ray 
Dec 1936. Jan. Feb. Mar. Age: May 1937 


Fig. 8. Blood volume and plasma volume of sheep no. 233 during pregnancy 1936-7 
_ (congo red), and after hysterectomy. 


The course of our work has not been without some accidents, and 
these themselves have furnished some interest. Sheep 233 was used for 
experiment in both the seasons 1936-7 and 1938. In the autumn of 
1936 there was no history of its being tupped and therefore it was used as 
_ a control, observations commencing on 11 December. By 1 March its 
curves of blood volume and plasma volume so nearly represented those 
of a pregnant animal that it was X-rayed, and was found to contain a 
well-developed foetus, The X-ray and the curve suggested that it would 
approach term about 25 March. The days passed, however, and no lamb 
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was reported. On 15 April its blood volume was determined and again ~ 


on 26 April, It had fallen just as it would have done had the lamb been 
born alive or dead, as it must have been, unless it was reabsorbed. The 
sheep was X-rayed again and found not to be pregnant. In the season 
1937-8 it formed one of the hysterectomized controls and its curves have 
been given in that connexion, but the comparison of the curves of blood 
volume and plasma volume is given in Fig. 8 (the determinations in 
1936-7 were done with congo red). 

Sheep 297 in 1937 had a history similar to that of 233 in 1936. It was 
left at the end of the tupping season with no history of being tupped and 
therefore was used as a control. Its curves are given in Fig. 9 and are so 


Weight, 


Total blood volume, 
plasma volume, cellular volume in c.c. 
Body wt. in kg. and haematocrit in % cells 


Fig. 9. Blood volume, plasma volume, corpuscle volume, haematocrit readings and — 
: weight of sheep no. 233. 


similar to those of 233 the year before that we supposed it to be pregnant. 
It gave birth to one lamb on 8 April and therefore was probably tupped 
about 13 November 1937. In the light of 297, the foetus in 233 may have 
been older than we had supposed at the first X-ray examination; possibly 
it was then dead. : 

Though not exactly an accident, sheep 275 was in our flock an 
exception; it gave birth to twins. The data with regard to it are given in 
Fig. 10, rather for purposes of record than of comparison with the 
previous sheep, for a single case can scarcely form a basis of comparison ; 
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but it is worth recording for the benefit of future workers, that it is the 
only sheep whose corpuscle volume does not fall and the only sheep 
whose blood volume shows no decided valley between the 7 (50 day) 
and final summits. 


Fig. 10. Total blood volume, corpuscle volume, plasma volume, haematocrit readings and 
weight of sheep no. 275 which bore twins. 


_ Total haemoglobin. The total haemoglobin was determined by measur- 
ing the oxygen capacity, the values obtained with the Van Slyke appara- 
tus and those obtained with the Haldane haemoglobinometer being 
averaged. In a few isolated instances, which make no difference to the 
general trend of the curves, the Haldane determination only was avail- 
able. The figure so obtained was multiplied by the blood volume as given 
above and divided by 1-34 to give the grams of haemoglobin. Fig. 11 
gives the result for the three hysterectomized sheep. The result did not 
show a constant value, but rather a drop during the months of February 
and March, followed by a rise during April-May. 

As the operation was performed on each sheep about the same date, 
‘it is not clear whether the fluctuations observed were due to the operation 
or the season; but 4 months had elapsed between the operation and the 
commencement of the drop in February. If seasonal, the question might 
arise as to whether the drop was dietary or constitutional. 

Of the total haemoglobin of the pregnant animals it is more difficult 
to speak than of the controls. For the first 50 days they show a pretty 
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uniform course, the haemoglobin remaining constant up to about 40 | 
days and then dropping suddenly (Fig. 12). After that it rises sooner or — 

later and at the end of pregnancy it is not very different from that at the 
beginning; but the time of its rise varies greatly in different sheep. The 


Deo In. Feb. Mar. Apr. Vay June 
Fig. 11. Total haemoglobin in blood of hysterectomized sheep nos. 195, 233 and 240. 


Jan. Feb. Mar. 
Fig. 12. Total haemoglobin in blood of pregnant sheep nos. 272, 293 and 336. 


changes are very considerable and are in remarkable contrast to the 
corpuscle volume readings for the same sheep, shown in Figs. 5-7. Thus 
the sharp rise in the total haemoglobin in sheep 272 as between 21 
February and 8 May is due principally to a change in the Van Slyke 


readings from 121) 0,Hb, 
11-1 15-0 COHb, 


and indicates a greater quantity of haemoglobin per c.c. of corpuscle. 


i 
400 
4q 
‘a 
2 | 240 
= / _—X195 
200 
100 
q 
5272 
4 
‘S 20 4 
100 
7 
0 
4 


170 J. BARCROFT, J. A. KENNEDY AND M. F. MASON 


Discussion 


It is natural that any discussion of the alterations in the blood should 
centre about the burden, mechanical or chemical, laid on the mother by 
the production of its offspring. Of the curves, the plasma volume is the 
simplest: roughly speaking, it may be divided into three periods (1) in 
which the volume rises, (2) in which it remains level and (3) in which it 
rises again. The interesting point about the first rise is that during the 
time covered by it the foetus is of negligible weight; the uterus is still 
small, Up to the 50th day the increase in the plasma volume is as 


follows: 
Increase absolute % of initial 
6.0. volume 


Sheep 
272 300 16 
293 22 
336 375 29 


These increases are out of all proportion to anything which would be — 
required to supply the pregnant uterus on a simple mass basis. The uterus, 
which in a non-pregnant sheep weighs 23 g., weighs at 50 days 120 g.; 
the whole increase in the weight of the organ, taken as 100 g., is not one- 
third of the average increase in plasma volume. 

- Between the 50th and the 100th day, the increase in plasma volume is: 


Increase absolute of initial 
volume 


Sheep 

272 70 4 
293 30 3 
336 10 


In this period, in which the increase in plasma volume is negligible, 
there is a great development in the uterus. The uterus itself grows from 
120 to 310g., whilst the cotyledons grow from about 90g. to about 
440 g. and they do not increase after this period. 

Between the 100th and the 150th day, we find the following increase: 


Increase absolute % of initial 
- volume 


Sheep g 
272 350 35 
293 190 16 
336 190 16 


The increase in weight of the uterus is from 310 to 455 g. on the 
average. The cotyledons do not increase at all; if anything they fall off, 
but, of course, the foetus, which was of negligible weight (about 159 g.) 
at 50 days and 700 g. at 100 days, grows to an average of about 3200 g. 
Thus the most remarkable increase during the first trimester is the 
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increase in plasma volume; during the second trimester it is the increase 
in the size of the cotyledons; and during the third the increase in the size 
of the foetus. 
The corpuscle volume 
The corpuscle volume falls markedly in the first trimester, remains 
nearly constant during the second and rises somewhat during the third. 


Change in corpuscle volume 
0-50 days : 50-100 days 100 days-term 
te %, 4 Al A 
272 — 205 ~ 22 +40 4 +175 +19 
293 - 140 -17 -10 1 + 40 . + 5. 
336 - 150 -17 -10 1 + 60 + 7 


The haemoglobin also falls during the first 50 days, so that there is 
anaemia. We do not know to what this is due. It is natural to connect it 
with the need for haemoglobin on the part of the foetus, but since the 
deficit in the mother occurs before the formation of any comparable 
quantity in the foetus, any such connexion could only take the form of 
laying up products in the mother as against the growth of the foetus. 
Thus at 50 days the mother’s blood contains about 35 g. less haemo- 
globin than at the commencement of pregnancy, but the whole weight of — 
the foetus at 50 days is only 15 g. Only research can show whether there 
is any such laying up of products necessary for blood formation. — 


SUMMARY 


1, Observations have been made on the blood volume, the plasma. 
volume, the corpuscle volume, the haematocrit reading, the haemoglobin 
value per c.c. of blood and the total haemoglobin in sheep during 
pregnancy. 

2. The method used was that of the injection of Evans Blue (T. 1824), 
the readings being made by the method of Kennedy & Millikan. 

3. The alterations in the blood volume, plasma volume, corpuscle 
volume and haematocrit reading were slight in the control animals, 
which had been hysterectomized. 

4, In sheep which bore one lamb each, the blood volume curve rises 
to a summit about the end of the first trimester, drops somewhat during 
the second and rises considerably during the third. The first rise is 
due essentially to an increase in the plasma volume. The corpuscle 
volume tends to fall. The final rise is also principally a rise in plasma 
volume. 
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5. Appreciable alterations take place, therefore, in both the plasma 
volume (rise) and the corpuscle volume (fall) before the foetus is of more 
than negligible weight. 

6. The total haemoglobin in the hysterectomized sheep showed an 
appreciable drop during February and March and a rise during April and 
May, the cause of which has not been investigated. 

7. The total haemoglobin remained fairly constant for the first 50 
days in the pregnant sheep. After that, but not at the same time in each 
sheep, there was a sudden and considerable drop which was not re- 
flected in the corpuscle volume. Subsequently there was a gradual rise 
and at the end of pregnancy the eee astnaah was not very different from 
that at the commencement. 


We wish to express our thanks to the Medical Research Council who have defrayed the 
out-of-pocket expenses of this research, to the Cambridge University Department of Agri- 
- culture who have undertaken the tupping of the sheep and to the Department of Animal 
Pathology who have kept them during the period of experiment. We are indebted also to 
Drs Goodman and Goteev for their preliminary experiments. 
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THE DISTRIBUTION OF BLOOD BETWEEN 
THE FOETUS AND THE PLACENTA IN SHEEP 


By J. BARCROFT anp J, A. KENNEDY 
From the Physiological Laboratory, Cambridge 
(Received 2 November 1938) _ 


Exuiott, Hatt & Hueagert [1934] stated that the volume of foetal blood 
bore an approximately constant relation to the combined weights of the 
foetus and the placenta. Their statement naturally raised the question of 
relative quantities of blood in each, for it does not follow that these 
quantities are throughout foetal life in the proportions of the weights of 
the placenta and foetus respectively. Some estimations of the relative 
quantities of foetal blood in the foetus and the placental cotyledons of 


the sheep were made at term by Barcroft & Gotsev [1937], but their 


determinations were made only at term. There are no serial determinations 
of the volumes right through pregnancy, since those of Cohnstein & 
Zuntz [1888] on foetal rabbits. 

METHOD | 

The surgical procedure was as follows: The sheep was under spinal 
anaesthetic (3 c.c. of May and Baker’s Duracaine), whilst any necessary 
dissections in the foetus were carried out under a local anaesthetic. 

The sheep was in a bath of saline at body temperature. The abdominal 
wall was opened by a median incision. The uterus was exposed with as 
little disturbance as possible, our solicitude being lest the uterus should 
contract and thus expel an undue amount of blood into the foetus; of this, 
however, we will treat later. An ear of the foetus was located and without 
making any incision a stitch was passed through the uterine wall and the 
pinna of the ear, thus fixing the foetus. An incision was then made in the 
wall of the uterus over the jugular vein of the foetus, the vein and the 
carotid artery were uncovered, and threads passed underneath them so 
that they could be manipulated at a moment’s notice. 

Another incision was made in the uterine wall to expose a branch of 
the umbilical vein near the placenta. If there is only one foetus this is 
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best done in the horn in which the foetus is not lying; it is then possible 
to find a confluent branch of the umbilical vein without manipulating the 
main vessels, which of course tend to contract more or less however small 
the interference. In such animals there is free communication between 
the umbilical vessels and the cotyledons of both horns. If there are 
_ twins, the foetal circulation in each horn is quite separate from that in 
the other. Having found a suitable vessel, a sample of blood is with- 
drawn by a hypodermic syringe; we used rather fine needles (about 
0-4 mm. diameter) if order to avoid unnecessary injury to the vessel 
wall. The quantity taken depends upon the size of the foetus. 

The method used to measure the blood volume is that described by 
Kennedy & Millikan [1938]. Certain slight changes in the technique, 
which are described herein, were employed to facilitate working with 
foetuses. 

For the larger foetuses 1 c.c. was taken from the branch of the cord. 
As soon as possible dye was injected into the jugular vein, from 0-3- 
0-8 c.c. (of 0-1 % aqueous solution of Evans Blue, T 1824) according to 
the size of the foetus. Six minutes were allowed for the uniform distribu- 
tion of the dye in the circulation. The time cannot be assumed from the 
experience of the dye method in animals, because of the peculiar nature 
of the foetal circulation. Several control experiments were therefore 
carried out in order to discover the appropriate time (see Fig. 1a, }, c). 
The blood containing the dye for estimation was taken from the carotid 
artery. 

The cord was then tied close to the foetus; this does not necessitate 
the removal of the foetus from the uterus, but great care must be taken 
that the ligature is efficient, for the cord may shrink underneath the 
ligature and allow it to become loose. As the tying of the cord may be 
done in a matter of seconds, the sample already withdrawn from the 
carotid may serve as the standard for the subsequent estimation of the 
blood volume in the foetus. 

Immediately after ligation of this cord another sample of Evans 
Blue (0-2-0-5 c.c.) is injected into the jugular vein of the foetus. Here 
again small needles are necessary so that there may be free flow in the 
vein while the injection is taking place and no dye left in the vessel: in all 
cases, however, after the injection some blood was drawn into the syringe 
and expelled to make sure of the patency of the vessel, and this was 
repeated. The “mixing time” here cannot be taken for granted, because 
once the cord is tied the foetus tends to become more anoxaemic and the 
pulse to,weaken. In older foetuses it is legitimate to allow respiration to 
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take place, or even to blow air into the lung. In some cases the foetus was 
removed from the uterus. Four minutes were allowed for the smaller 
foetuses and 6 min. for the older ones. The final sample of blood was 
withdrawn from the carotid. It was shown by spectroscopic examination 
by Gibson & Evans [1937] that Evans Blue when given intravenously to 
the mother did not appear in the amniotic fluid or in the circulating blood 


4 
Mixing complete 
Minutes after dye injection 


3 4 5 
Minutes after dye injection 
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2 4 6 8 10 12 14 16 
Minutes after dye injection 
Fig. 1. Mixing curves of Evans Blue injected into jugular vein. (a) Foetus 316, age 92 


days, weight 615 g., length 265 mm.; (6) Foetus 276, age 142 days, weight 3-3 kg., 
length 455 mm.; (c) Foetus 351, age 152 days, weight 3-8 kg., length 465 mm. 


of the foetus in man. This we have confirmed for sheep and extended to 
the extent of finding that Evans Blue put into the circulation of the 


mother does not appear in that of the foetus, nor if put into the blood of 
one foetus does it appear in that of a twin. : 


RESULTS 


Single foetuses 
The total blood volume of the foetus and placenta, In the experiments of 
Elliott et al. [1934] on goats, the determinations of total volume plotted 
against age fell pretty exactly on a consistent curve in the case of the 
younger foetuses, but showed a great degree of dispersion in the case of 
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the older ones. We have found a great degree of dispersion in the relation 
(Fig. 2) of the blood volume to the age, but the dispersion is little if at all 
greater than that of the weight of the foetuses themselves against time. 
To take the most extreme case, that of foetus 270, 140 days with 283 c.c. 
blood volume, the foetus itself weighed only 1600 g., or about half the 
usual size.at 140 days. There are two conceivable reasons why a foetus 
should appear of anomalous weight. The first is that the foetus has not 
grown at the normal rate; the second is that the date of tupping has been 


| 
o= Twin 


| Foetal age in days 
Fig. 2. The relation of blood volume of foetus + placenta to age in single foetuses, @, and 
twin foetuses, O. 

mistaken. The latter cause can be eliminated in the following way— 
the ratio of the length of the foetus to the age in sheep foetuses between 
30 days and the normal term 147 days is very regular, as shown by some 
hundreds of foetuses. This is supported by the fact shown by Barcroft & 
Barron [1938] that when part of a limb is amputated during foetal life, the 
lengths of the bones in the parts of the limb above the amputation are, at 
birth, practically unaffected, though the weight of the part concerned is 
greatly changed. On a length-age curve, if the date of tupping has been 
mistaken the point representing the foetus will be off the curve by an 
amount corresponding to 16+1 days or some multiple of that—a time 
corresponding, of course, to the period of ovulation of the ewe. We have 
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Foetal age in days : 
Fig. 3. Age and length in single foetuses. 


Foetal wt. in g. j 


Fig. 4. The relation of the total blood volume of toetes + placente to foetal weight in single 
foetuses, @, and twin foetuses,O. 
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plotted the relevant data obtained from foetuses used in the present 
research in this way. The result is shown in Fig. 3. Applying this to 
foetus 270 it is evident that its length corresponds to a foetal age younger 
than the one alleged by two ovulation periods. We have therefore dis- 
regarded the data for this foetus in the present paper. In Fig. 4 we have 
plotted the blood volumes against the weight of the foetuses and obtained 
a much more consistant curve than Fig. 2, a curve which along its length 
shows a decreasing proportion of blood volume to foetal weight. In 
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¢=Volume in foetus and placenta ¢=Volume in foetus and placenta 
x= » » foetus alone H x= » » foetus alone i 
! 
if 
4 
1? 
i} 
k 
Foetal wt. in g. Foetal age in days 


Fig. 5. Blood volume in relation to (a) foetal weight and (6) foetal age in single foetuses. 


foetuses of about 250 g. the weight of the blood is about 20 % of the 
foetal weight while in foetuses of 4000 g., the weight of the blood is about 
15 % of the body weight. But as will be pointed out the cotyledons in the 
former case are about twice the weight of the foetus, whilst in the latter 
case they are about one-tenth of the total weight. Fig. 5a shows the 
relation of the blood in the foetal circulation (dots) and also that in the 
foetus itself (crosses) to the body weight of the foetus, whilst Fig. 5) 
shows the same data plotted against days of foetal life. In both cases the 
broken line indicates the blood in the placenta. At all ages the ratio of 
blood in the foetus to that in the placenta seems to vary a good deal, but 
roughly speaking the younger the foetus the more regular the results. 
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In general the proportion of blood in the foetus to that in the placenta 
increases as time goes on (Fig. 6). At 100 days about half the blood is in 
each. Between 110 and 130 days the average is about two-thirds of the 
blood in the foetus and one-third in the placenta, whilst at about 140 
days four-fifths or more of the blood is in the foetus. The figures for 
animals over 140 days must, however, be taken with considerable reser- 
vation. At present it is difficult to rule out the possibility of contraction 
_ of the uterus expelling blood from the placental vessels into the foetus. 
Barcroft & Gotsev’s figures in which the foetus was delivered, but in 


100 
Fovtal age in days 
Fig. 6. The af present in the placente diffwrens ages: 
single foetuses, @ ; twin foetuses, O. 


which the “‘ mixing time” was shorter, gave a considerably greater pro- 
portion to the placenta before birth. It seems probable that the last 
word has not been said about the allocation of blood at term, but in any 
case after birth most of the blood is in the foetus. | 

There seems little reason to suppose that the absolute quantity of 
foetal blood in the cotyledons increases very much over the last quarter of 
pregnancy. This is perhaps less remarkable in view of the measurements 
of the weight of the cotyledons (Fig. 7). Apart from quite aberrant 
determination in weights, they do not increase in weight after about half 
way through the period of gestation. We do not know what relation, if 
any, the weight of the cotyledons has to the foetal vascular bed in them. 
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We have records of the quantity of foetal blood which traverses the 
- placenta at different foetal ages [Barcroft, Kennedy & Mason, 1938). . 
These data, though obtained by quite different methods, agree in indicat- ee 
ing that the flow of foetal blood through the uterus increases more or less e 


foetus 
o*Twin 


Foetal age in days es | 
Fig. 7. Weight of the cotyledons at different foetal ages; single foetuses, @ ; twin foetuses, O. 


e-Arterial pressure 
%*Venous pressure 


Blood pressure in mm. Hg 


proportionately to the weight of the foetus, so that we are faced with the 
following position, namely, that while the amount of foetal blood in the 
uterus at any one time remains approximately the same over a period 


> 
© 
* * 
° ° 
4 3 
4 e 8 ge 
EX 200 
° 
“a 
0 
50 100 120 140 160 
j 
am 
| 
| 
| 
a 
* 
10 W 100 120 130 140 0 
3 Foetal age in days 
; ig. 8. Blood and foetal 
: 
he 
a: Ay. 


DISTRIBUTION OF BLOOD 181 


between 110 and 140 days, the amount of blood which traverses that 
organ is more than doubled. The explanation of this phenomenon is 
doubtless to be found in the development of arterial pressure in the 
foetal circulation. At 110 days the foetal arterial pressure is about 
38 mm., at 140 days it is about 75 mm. of mercury (Fig. 8). Of the venous 
_ pressure we know much less, but at 56 days the pressure in the umbilical 
vein is less than 10 mm., at 110 days it is probably about 10 mm. and at 
140 days it is 18 mm. Hg. The difference between the arterial and venous 
pressures or the “head of pressure” through the placental circulation is, 
therefore, at 110 days 28 mm. and at 140 days 57 mm. Hg. 

The placenta, like the lung, seems to be an organ through which a 
great quantity of foetal blood may be circulated with a rather small 
difference of pressure between the arterial and venous ends. But since the 
foetal blood emerging from the placenta seems at times to be as much as 
92 % saturated, it is difficult to regard the placenta or any portion of it 
as @ mere by-pass. 
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Fig. 9. The relation of plasma and corpuscle volumes to foetal weight (single foetuses). 


Plasma and cellular volume. The total volume of plasma and cells 
plotted against foetal weight is shown in Fig. 9. There is no great change 
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in proportion of plasma to cells throughout foetal life. The percentage of 
cells is about thirty in the smallest foetuses and rises roughly to about 
forty in the older foetuses. | 7 
Total haemoglobin. Before the 80th day the foetus has less than 4 g. 
of total haemoglobin in its circulating blood. Between the 80th and 


Total haemoglobin in g. 


Fig. 11. Total haemoglobin and foetal weight (single foetuses). I, 


100th days the rate of appearance of total haemoglobin in the circulating 
blood is slow, from 110th day till term it increases rapidly (Fig. 10). | 

The curve of total haemoglobin of pregnant sheep bearing single & 
foetuses is about level from early pregnancy till the 40th-45th day, when 
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a sharp drop of about 10 % (25-30 g.) occurs, which lasts from 20-60 
days before again reaching the level of early pregnancy [Barcroft et al. 
1939]. It appears from a correlation of these two facts that haemo- 
globin is lost by the mother some 40 days before it (not of course the same 
haemoglobin) appears in any considerable quantity in the blood of the 
foetus, and while the foetus is gaining haemoglobin rapidly (110-140 
days), the pregnant sheep is also gaining haemoglobin and has at term 
about the same amount as on the 10th-20th day of pregnancy. Fig. 11 
shows the relationship between the grams total haemoglobin and foetal 
weight. There is rather wide dispersion of the points, but as a rough 
relationship the total haemoglobin forms about 2 °% of the body weight. 


Twin foetuses 

The number of determinations made on twin foetuses is less than on 
single foetuses. Consequently, conclusions drawn from the available data 
must be somewhat more guarded. 

Concerning the general growth of twin foetuses it can be said that 
from an analysis of data [Barcroft & Kennedy] compiled on some 265 
sheep foetuses, including seventy-two foetuses which were twins: : 

(1) the length of single foetuses and that of twins is about equal at a 
given age; 

(2) the weight of single foetuses and twins is roughly the same at a 
comparable age up to about 135 days of foetal life, from 135 to 145 days a 
few more of the twins fall below the average curve for the whole group 
than above it, that is, on the whole the twins during the last 10 days of 
foetal life weigh somewhat less than the single foetuses; 

(3) the total cotyledons per foetus weigh less in twins, especially 
during the last one-third of foetal life; 

(4) the placental weight is perhaps a little less in twins; 

(5) the number of cotyledons per foetus is very strikingly less in adie: 

(6) the average weight of each cotyledon is considerably more in twin 
foetuses from 50 days foetal -age to term; 

(7) the evacuated uteruses of pregnant sheep are 50-75 % heavier in 
those bearing twins than in those bearing single foetuses. 


Total blood volume of foetus and placenta 

The blood volume of twin foetuses seems to be somewhat less during 
the last 30 days of foetal life than that of single foetuses. This is shown by 
Figs. 2 and 4, in which total blood volume of twins is plotted against age 
and weight respectively. As in single foetuses, the total amount of blood 
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in the cotyledons of twins does not appear to increase during the last 
part of foetal life (Fig. 12a, 6). The percentage of the total blood volume 
present in the cotyledons (or placental circulation also seems to fall in 
late foetal life just as in the single foetuses (Fig. 6). The weights of the 
cotyledons in twin foetuses are less than those of the single ones during 
the last part of foetal life (Fig. 7). As stated earlier in this paper, we do 
not know the relationship, if any, between the weight of the cotyledons 
and volume of their vascular bed. Comparing the data as between single 
foetuses and twins in Fig. 7, it might reasonably be inferred that the 
vascular bed of the placenta in twin foetuses (per foetus) is less than that 


¢=Blood volume of foetus and placenta ¢ = Blood volume of foetus and placenta 
x= in foetus only x= » » in foetus oly 
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Fig. 12. The relation of blood volume to (a) foetal weight and (b) foetal age in twin foetuses. 


in single foetuses. Data on a large number of foetuses show that twins 
have a considerably smaller number of cotyledons per foetus than the 
single foetuses from the age of 65 days onward. It was also found that 
the individual cotyledons are considerably heavier in the twin foetuses 
during the same period. 

The question therefore arises whether the amount of blood per unit 
weight of cotyledons is different in twins and single foetuses. Expressed 
in ¢.¢. of placental blood volume per gram of cotyledon weight plotted 
against foetal age (Fig. 13a), and foetal weight (Fig. 136) respectively, a 
large dispersion in the values for twins is found. It is difficult to overlook 
the fact that three of the twins have points well above the average of the 
single foetuses, while the remaining three twins are roughly about the 
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same as the average of the singles. We would, however, be cautious in 
drawing a conclusion from this. 

We find, therefore, that there is an interesting difference between the 
placental circulation of the single and twin foetuses. It is that twins are 
supplied with considerably fewer cotyledons, but that the individual 
cotyledons are heavier structures and probably able to contain more 
blood. 


Twin foetus Twin 
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Foetal age in days Foetal wt. in g. 
Fig. 13. The relation of placental blood volume per gram weight of cotyledon to (a) foetal 
age and (5) foetal weight. 


Total haemoglobin. The total haemoglobin seems to be somewhat 
lower near the end of foetal life in the twins than that in the single 
foetuses (Fig. 10). , 

SUMMARY 


1. Estimations of the relative quantities of foetal blood in the foetus 
and placenta respectively have been made over the period of pregnancy 
in the sheep, by the dye injection method (Evans Blue, T 1824) as carried 
out by Kennedy & Millikan. 

2. The placental cotyledons reach their maximal weight about half- 
way through pregnancy, when the foetus is only about the size of a large 
rat (200 g.). 
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8. The relation of the total volume of foetal blood to the foetal age 
varies considerably. At 100 days about half the total volume of the blood 
is in the foetus and half in the placenta (including the cord). At 120 days 
about one-third is in the placenta and at 140 days a quarter to one-fifth is 
in the placenta. — 

4. The avsolute amount of blood in the placenta i is about the same 
during the last third of pregnancy, while that in the foetus increases 
>: as pregnancy proceeds. 

. The conditions a foetal blood pressure suggest that increasing 
cna of blood per minute can be driven through the placenta as 
pregnancy proceeds. 

6. During foetal life the ratio of cells to plasma rises from about 
30: 70 half-way through pregnancy to about 40: 60 at the end. ; 

7. At term the foetus contains perhaps 80 g. of haemoglobin, at 80 
days only about 4 g. The manufacture of haemoglobin on this consider- 
able scale takes place after the hundredth day; yet the only large fall in 
the total haemoglobin of the mother—amounting to about 50 g.—takes 
place about the 40th day. 

8. Data are given comparing the measurements of twins to those of 
singly born foetuses. Towards the end of pregnancy the twin foetuses are 
equal in length to the single ones but are lighter and, even for their 
weight, have a smaller blood volume. 
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VAGAL REFLEXES APPEARING IN ASPHYXIA 
IN RABBITS AT DIFFERENT AGES 


By D. J. BAUER! 
From the Department of Physiology, Cambridge 
(Received 7 November 1938) 


_It was shown in a previous paper [Bauer, 1938] that asphyxiation gives 


rise to a vagal inhibition of the heart in rabbits, appearing in the form 
of two distinct manifestations, the first developing gradually after birth 
and attaining a maximum on the 11th day, and the second appearing 
after the 30th day and later combining with the first to produce the 
abrupt fall of heart rate consequent upon asphyxiation in adult rabbits. 
These vagal effects could arise as follows: 

(a) the rise of blood pressure which occurs during asphyxia owing to 
the stimulation of the vasomotor centres by the accumulation of carbon 
dioxide [Mathison, 1911] may elicit the depressor reflex, or 

(6) the carotid sinus reflex, 

(c) the lack of oxygen or the accumulation of asphyxia! products 
may cause a direct stimulation of the vagal centres in the medulla. 

The extent to which these three factors are concerned at different 
ages is described in the present paper. | ‘ 


METHODS 


The heart beat. was recorded by the electrical method already 
described [Bauer, 1938]. Blood pressure was recorded after the injection 
of heparin by cannulating the right femoral artery with a hypodermic 
needle connected with a membrane: manometer, which was calibrated 
against a mercury manometer at the end of each experiment. To 
investigate the action of the reflex, the depressor nerves were dissected 
out and loose ligatures were placed around them. The animal was then 
asphyxiated by clamping the trachea, and when a fall of heart rate had 
occurred the ligatures were tightened so as to crush the nerves. An 

1 Coutts-Trotter Student; Michael Foster Student. 
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ensuing rise of heart rate indicated that the reflex had been in action. 
It was found that the best exposure of the carotid bifurcations could be 
secured by a lateral approach, and this was accordingly used when the 
activity of the carotid sinus reflex was tested by direct stimulation of 
- Hering’s nerve or of the general sinus region. In small animals it is not 
very convenient to test the activity of the reflex during asphyxia by 
ligating Hering’s nerves in the manner employed with the depressor 
nerves, so that another method was used. If the pressure within the 
carotid sinuses is high, so that the nerve endings are stimulated and give 
rise to a vagal reflex, clamping both carotid arteries below the sinuses 
will cause the pressure inside to fall, stimulation of the pressure receptors 
will cease and the vagal reflex will disappear. If, on the other hand, the 
pressure in the sinuses was low at the outset, so that no vagal reflex is 


elicited, clamping the carotids can have no further effect. In this way 


the presence or absence of a rise of heart rate after clamping the carotid 
arteries will indicate the presence or absence of a carotid sinus reflex, 
provided, of course, that no other factor intervenes to abolish such a rise 
of heart rate. The procedure therefore adopted in order to investigate 
sinus action was to asphyxiate the animal and clamp both carotids 
while the fall of heart rate was taking place. Repetition of asphyxiation 
without any alteration of the conditions produced no change in the form 
of the asphyxial curve; description of control experiments is omitted. 


Other experimental details were the same as in the previous paper, 


and. urethane was used as anaesthetic in all cases. 


RESULTS 


(a) Depressor reflex 

Faradic stimulation of the depressor nerves on the 11th day will 
cause a reflex slowing of the heart, so that the reflex pathway is intact 
at this age. This is shown in Fig. 1, where the curves represent the effect 
upon the heart rate of stimulating the right and left depressor nerves. 
The fall of heart rate is of the same order as that seen in the adult animal. 

The fact that the depressor reflex is already fully developed does not: 
necessarily mean that it is elicited in asphyxia. 

In the previous paper it was shown that the asphyxial curves obtained 
from the rabbit were of six types, appearing at different ages. Type 1 
lasts from birth to the 10th day, and shows a gradual fall of heart rate 
brought about by a vagal effect which increases to a maximum at 11 days, 
when the curve is of type 2, with a rapid initial fall of heart rate. The 
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third type appears soon after and persists until the 30th day, and is 
marked by a,rise of heart rate appearing late in asphyxia, which was 
shown to be abolished by ergotoxin. Type 4 is given from 30 to 36 days, 


when the rise of heart rate of type 3 is replaced progressively by an 
extra vagal inhibition which may be sufficient to cause cardiac arrest; 

types 5 and 6 appear at 40 days and in the adult animal respectively, and 
represent successive increases in the extent of the initial fall of heart rate. 


30 _A 
A 
L. depressor 
R. depressor 
0 i i A 
0 10 20 30 4 #50 60 
Seconds 


“Wig. 1. Effect upon heart rate of stimulating the depressor nerves at 11 days. 


The depressor reflex was investigated in curves of each type (except 
type 1, in which a vagal fall of heart rate was absent), and these types 
will now be considered in turn. 

Type 2. It was found that the vagal fall of heart rate consequent 
upon asphyxiation remained unchanged after section of the depressor 
nerves. The curves obtained resembled those of Fig. 2, A, C, except for 
the absence of the rise of heart rate after 40 sec. 

Type 3. Curves from a 21-day rabbit are shown in Fig. 2. They have 
a rise of rate after about 40 sec., characteristic of this type. The initial 
asphyxiation gave curve A, after which the ligatures were placed around 
the depressor nerves. After an interval for recovery, a second asphyxia- 
tion gave curve B, during which both nerves were crushed by the 
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ligatures at the points indicated, without effect upon the heart rate. 
A third asphyxiation, with the nerves already ligated, gave curve OF 
The absence of any rise of heart rate after tying the nerves, and the 
similarity of curves A and C, show that the depressor reflex is not 
elicited in asphyxia at this age. : ae 


35 
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—e A 
--o-B 
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0 
0 10 20 30 40 50 60 
Seconds of asphyxia 


Fig. 2. Asphyxial ourves st 21 days. A, normal; B, depressors tied during asphyxia; | 
C, depressors tied previous to asphyxia. 


Type 4. The curve from a rabbit at the age of 34 days is shown in 
Fig. 3, curve A. It is of type 4 and the rise of heart rate of type 3 is 
missing, although the inhibition which follows is not sufficient to cause 
complete arrest of the heart. When the depressor nerves had been cut 
curve B resulted, with reappearance of the rise characteristic of type 3. 
This shows that the transition from type 3 to type 4 is brought about 
by the activity of the depressor reflex, which produces an extra degree 
of vagal inhibition, varying in strength but sufficient to abolish the rise 
and often capable of arresting the heart altogether. It will be noticed 
that the depressor reflex only affects the latter part of the curve, from 
60sec. on. It is unconcerned in the initial fall, as shown by the coincidence 
of the two curves during this period. | 
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0 
0 10 2 30 4 50 60 70 60 9% 100 
Seconds of asphyxia 


Fig. 3. Asphyxial curves at 34 days. A, normal; B, depressors tied. 


Beats in 5 sec. 
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. 4, yxial curves at 42 days. A, normal; 
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Type 5. Fig. 4 shows curves from a 42-day rabbit. When the de- 
pressor nerves are ligated during asphyxia a rise of heart rate occurs. 
In this case the depressor reflex has been participating in the initial fall 
of rate, the transition from type 4 to type 5 being marked by an increase 
in the initial fall of rate, due to advancement of depressor inhibition to 
an earlier stage in asphyxia. Cardiac arrest is not seen. It is brought 
about in type 4 by the sudden appearance of an extra vagal inhibition 
in extreme asphyxia, but in type 5 this extra inhibition has been acting 
almost from the beginning and some kind of adaptation to it may have 
developed. b 


35 


0 10 20 30 40 50 Oo. wh DB «. 
Seconds of asphyxia : 


Fig. 5. Asphyxial curves from an adult rabbit. A, normal; 3B, tied. 


Type 6. A series of asphyxial curves from an adult rabbit is shown 
in Fig. 5. Two curves were first obtained with the depressor nerves 
intact; they are reasonably coincident and are of type 6, with a profound 
fall of heart rate occurring within the first few seconds of asphyxia. The 
depressor nerves were then ligated and two further curves were obtained. 
The initial fall of heart rate is now more gradual and takes a little longer 
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to appear. As in the previous type, the depressor reflex is invoked at the — 
outset of asphyxiation and contributes to the initial fall. 7 

The effect of depressor stimulation on the heart rate and blood 
pressure in the adult rabbit is shown in Fig. 6 (cf. Fig. 1). 


0 10 «20 30 40 50 
Seconds of asphyxia 
Fig. 6. Adult rabbit. Effect of depressor stimulation on heart rate and blood pressure 
(ordinate, heart rate, and blood pressure in arbitrary units). 


(b) Carotid sinus reflex 


As in the case of the depressor reflex, the activity of the reflex will 
be considered in the various types of asphyxial curve in turn. Fig. 7 
shows the result of stimulating the right carotid sinus electrically in a 
14-day rabbit. The fall of heart rate which occurs shows that the reflex 
is present at this age. | 
Type 4. In the experiment of Fig. 3 it was shown that sth of the 
depressor nerves would transform a curve of type 4 to type 3. Since the 
carotid sinus reflex is not evoked in type 3, this suggests that it is also 
absent from type 4, since the addition of the depressor reflex alone is 
sufficient to bring about the change seen in type 4. Direct evidence for ~ 
this was also obtained, since it was found that the asphyxial curve 
remained unchanged after clamping the carotids. 
Type 5. Fig. 8 shows curves from a 43-day rabbit. Curve A was 
obtained after cutting the depressor nerves, and the fall of heart rate 
PH. XCV. 13 
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Fig. 7. Stimulation of right carotid sinus at 14 days; effect upon heart rate. 


40 


0 


0 


60 700 


Fig. 8. Asphyxial curves at 43 days, with depressors tied (ordinate, heart rate, and blood 
pressure in arbitrary units). A, normal; B, carotid arteries clamped during asphyxia. 
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which appears is slower in onset than when the depressor reflex was 


present. There is, however, no rise of heart rate after 40-50 sec. When 


_ the carotid arteries were clamped during asphyxia in curve B, a rise both 


of heart rate and of blood pressure occurred, showing that the reflex 
had been in action. The transition from type 4 to type 5 is therefore due 
to the appearance of a carotid sinus effect as well as a depressor effect. 
The sinus reflex appears after 40 sec. of asphyxia. If it had appeared 
at the commencement, clamping the arteries would have produced a 
much greater rise (see Fig. 9). 


50r 
45} 


0 10 2 30 4 50 0 10 2 30 40 50 6 70 8 
Seconds of asphyxia 


_ Fig. 9. Asphyxial curves from an adult rabbit (ordinate, heart rate, and blood pressure. 


in arbitrary unite). A, carotids clamped during asphyxia; B, the same, the depressor 
nerves having been cut previously. 


Type 6. The adult conditions are shown in Fig. 9. In curve A the 
carotid arteries were clamped while the fall of heart rate was taking 
place, and each time a rise of heart rate occurred. This rise, however, 
is quite small in extent, but the blood pressure curve shows that clamping 
the carotids produces quite a substantial rise of blood pressure. The 
depressor nerves were, however, still intact, and the rise of pressure 
produced by clamping the carotid arteries undoubtedly elicited a 
depressor reflex and abolished most of the rise of heart rate which would 
have resulted by the removal of the carotid sinus reflex. That this is the 
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case is shown in curve B. Here the depressors were previously tied and 
when the carotids were clamped a large rise of heart rate appeared, 
- approaching the initial value. The rise was less at each successive 
clamping, presumably owing to the effect of the increasing asphyxia, 
either on the maximum rate at which the pacemaker could work, or 
else on the carotid sinus reflex itself. The rise of heart rate produced by 
clamping the carotid arteries with the depressors already tied is quite of 
the same order as when the depressor nerves were tied with the carotid 
arteries already clamped, so that both reflexes seem to be evoked to 
equal extents. 

The transition from type 5 to type 6 is therefore due to the advance- 
ment of the carotid sinus reflex, which appears at the outset of asphyxia 
in the latter type. | 


(c) Asphyzial depression of the vagal centre 

The depressor and carotid sinus reflexes are absent from curves of 
types 2 and 3 (Fig. 2), so that the vagal fall.of heart rate which appears 
at 11 days must be due to some other cause. At later ages it becomes 
masked by the intensified inhibition introduced by the depressor and 
carotid sinus reflexes, but if these are removed, the original fall of rate 
is still seen. If an adult rabbit is asphyxiated after the depressors have 
been cut and the carotids clamped, the initial vagal fall of heart rate 
reappears, together with the sympathetic rise of rate, so that a curve of 
type 3 results. The sympathetic rise of rate may be sufficiently great to 
culminate in heart-block, owing to asphyxia causing impairment both 
of bundle conduction and of ventricular action, so preventing the 
ventricles from following the accelerated auricular rate. 

The actual cause of the fall of rate appearing at 11 days is uncertain, 
but is probably due to asphyxial excitation of the vagal centre in the 
medulla. It is unlikely that there is at work any reflex elicited by a rise 
of blood pressure, since it would have to be operative at a pressure of 
35 mm. Hg (Fig. 10), and would therefore be continuously active in all 
animals with a blood pressure higher than this. No such permanent 
inhibition is present in older animals, since the normal heart rate remains 
practically constant until after the 30th day (see below). It is much more 
likely that the vagal effect seen at 11 days is caused by the accumulation 
of asphyxial products stimulating some component of the — pathway, 
very probably the vagal centres in the medulla. _ 
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Effect of age and asphyxia on blood pressure 
The experiments described above show (a) that the depressor and 
carotid sinus reflexes are functionally present at an early age, but are 
not invoked reflexly until-much later, and (b) that in rabbits older than 
about 40 days asphyxiation causes a reflex vagal inhibition by means 
of the depressor and carotid sinus reflexes. To account for these findings 
130 


Adult 


Blood pressure (mm. Hg) 
Ss os 32 8 8 


ji i 4 i 


i i j 
10 20 30 40 50 60 70 & 
Seconds of asphyxia 
Fig. 10. Curves of blood pressure during asphyxia at different ages. 


the blood pressure must rise in asphyxia, and also with age. That a rise 
of blood pressure occurs in asphyxia is known from the work of Mathison 
[1911]; while the rise of blood pressure with age is shown in Fig. 10, in 
which the curves of blood pressure during asphyxia are shown for 
rabbits at different ages. 


0 
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Discussion 
A. Threshold pressures of blood pressure reflexes 
If the depressor and carotid sinus reflexes are not elicited in a 14-day 
rabbit with a blood pressure of 35 mm. Hg, and are fully active in 
the adult at 100 mm. Hg, they must evidently be brought into play at 
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some intermediate pressure level, or levels, which can be evaluated as 
follows: 

(a) In those experiments in which the ligation of the depressor nerves, 
or the occlusion of the carotid arteries during asphyxiation, produces a 
rise of heart. rate, observation of the blood pressure at this instant will 
give a value above the threshold pressure. If no rise occurs the threshold 
obviously lies higher than the maximum blood pressure attained. By 
consideration of a sufficient number of experiments two limits can be 
found between which the threshold pressure must lie. | 
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Blood pressure 
Fig. 11. Asphyxial curve; heart rate plotted against blood pressure. The presumed 
depressor threshold is indicated by the dotted line. 


(6) The value of the threshold pressure can be fixed more accurate:y 


_ by observing the course of the heart rate while the blood pressure is 


rising between the limits obtained in (a). As the threshold pressure is 
exceeded a sudden fall of heart rate should appear. The rise of pressure 
seen in asphyxia can be utilized for this purpose, and the effect upon the 
heart rate is made more evident if the heart rate is plotted against blood 
pressure. The result of an asphyxiation plotted in this way is shown in 
Fig. 11. Between A and B the heart rate both falls and rises with 
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increasing blood pressure, and is therefore independent of it, but further 
increase of blood pressure beyond B produces a sudden fall of rate, 
suggesting that the threshold has been exceeded. __ | ; 

(c) The blood pressure also rises with increasing age, and if the normal 
heart rate of animals of different ages is plotted against the normal blood 
pressure the curve should show inflexions when the threshold pressures 
are attained. This is shown in Fig. 12, in which the values concerned 
were obtained from rabbits of different ages under identical conditions 
of anaesthesia. : 
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Fig. 12. “‘Normal”’ heart rate of rabbits of different ages plotted against 
“normal” blood pressure. 


Sinus___ 
threshold 


In methods (6) and (c) the presence of the reflex is only inferred from 


_ the fall of heart rate observed, but method (a) affords definite proof that 


the reflex is elicited between two pressure levels, so that any fall of heart 
rate appearing when the blood pressure rises from one level to the other 
is almost certainly caused by the reflex. Values for the reflex threshold 
pressures obtained by these different methods agree fairly closely and 
show that, on an average, the depressor reflex begins to be elicited at 
@ pressure of about 65 mm. Hg, and the carotid sinus reflex at about 
80 mm. Hg. | 
B. Ages at which the reflexes first appear 

Once the threshold pressures of the reflexes have been established the 
age at which they are first elicited can be found by plotting the maximum 
blood pressure attained in asphyxiation against age. Curve A of Fig. 13 
shows that a blood pressure of 65 mm. Hg is first exceeded at about 
30 days, while the experimental finding that the depressor reflex was 
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elicited at 34 days is supported, since the maximum blood pressure 
attained at this age is above the threshold. 

Similarly a pressure of 80 mm. Hg is first attained at about 40 days, 
which agrees with the finding that the carotid sinus reflex was elicited 
to a small extent on the 43rd day. 

The ages at which the reflexes first appear under ordinary conditions 
can be found by plotting normal blood pressures against age (Fig. 13, 
curve B), the “normal” pressures being those found under identical 


10 


Fig. 13. Blood pressure of rabbits at different ages. A, maximum blood pressure attained 
in asphyxia; B, “‘normal’’ blood pressure. 

conditions of anaesthesia. The depressor threshold is exceeded at about 

45 days and the sinus threshold at about 55 days, so that after the 45th 

day the heart should be subjected to a continual vagal tone, accounting 

for the lower heart rate seen in older rabbits (see Fig. 8). 


C. Effect of reflexes upon the form of the asphyzxial curve 
From the information already gained it is possible to effect a corre- 


lation between the form of the asphyxial curves and the presence or 


absence of vagal reflexes. Type 1 is seen before any great vagal effect has 
appeared, and occurs in the absence of vagal reflexes. Type 2 appears 
at 11 days, when the vagal inhibition ascribed to asphyxial excitation 
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of the medullary centres attains its full development; type 3 is charac- 
terized by a sympathetic effect and is not concerned here. Type 4 appears 
between the ages of 30 and 36 days; this is the age at which the maximum 


blood pressure in asphyxia first exceeds the depressor threshold pressure, 


and it is the sudden appearance of a depressor effect while the heart is 
already under vagal influence which is responsible for causing the 
increased inhibition which usually leads to cardiac arrest and gives rise 
to a curve of this type. The recovery of rate which then follows is 
presumably due either to vagal escape or to the lowering of blood 
pressure caused by the slowing and arrest of the heart. Whether arrest 
occurs or not presumably depends upon the strength of the extra 
inhibition and therefore upon the extent to which the blood pressure 
rises above the depressor threshold. In older animals the initial blood 
pressure is higher, so that the depressor threshold would be exceeded 
earlier in asphyxia, accounting for the observed fact that the rise of 
heart rate brought about by the sympathetic effect is abolished pro- 
gressively and finally disappears, being replaced by inhibition which 
appears still earlier in asphyxia and is finally present from the beginning. 
This state of affairs gives rise to type 5 [Bauer, 1938, Fig. 9], in which 
the vagal fall of heart rate appearing in type 2 [loc. cit. Fig. 5] is re- 
inforced by the depressor effect, resulting in an inhibition of increased 
extent. A carotid sinus inhibition also appears in late asphyxia. 

The 6th and final type of curve (Fig. 5) appears when the carotid — 
sinus reflex is present from the outset; the blood pressure is now high 
enough to elicit both reflexes right at the beginning of asphyxia, so giving 
the very sudden fall of heart rate characteristic of this type. No cardiac 
arrest is seen when the carotid sinus reflex first appears in asphyxia, 
possibly because the vagi are already exerting a nearly maximal in- 
hibition from the combined excitation of the medullary centres and 
activity of the depressor reflex. 


SUMMARY 


1. Faradic stimulation of the depressor nerves and carotid sinus 
regions in rabbits produces a reflex inhibition of the heart as early as 
the 11th and 14th days respectively. 

2. The depressor effect is not elicited reflexly in aepny ne until 
about the 30th day. 

3. Asphyxiation does not produce a carotid sinus reflex until about 
the 40th day. 

4. The blood pressure of young rabbits increases with age. 


4 
¥ 
wi 
¥ 
4] 
4% 
a 
| 
oe 


202 D. J. BAUER 


5. The delay in the appearance of these reflexes when they are 
already functionally present can be accounted for by the time required 
for the blood pressure to attain the value necessary for eliciting the 
reflexes. 

6. These threshold pressures were approximately evaluated by the 
methods described. 

7. The ages at which the reflexes were first elicited can be found 
from the curve of blood pressure and age, once the thresholds are known; 
the ages found in this way agreed with the experimental findings. 

8. A correlation can be effected between the six types of asphyxial 
curve of heart rate, and the presence or absence of the reflexes. 


I wish to thank Sir Joseph Barcroft for his kind advice. 
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BLOOD FLOW DURING MUSCLE CONTRACTION AND 
THE ORBELI PHENOMENON IN THE DOG 


By EDITH BULBRING anp J. H. BURN 
From the Department of Pharmacology, Oxford 
(Received 15 November 1938) 


We have previously described investigations into the existence of 
sympathetic vasodilator fibres running to the blood vessels of the muscles 
of different species; we found them present in the dog and the hare, 
absent in the rabbit and the monkey, and present in small numbers in 
the cat. Our observations, however, did not furnish any clue to the 
function of these fibres, and since the tissue concerned was muscle, it 
was unlikely that any indication of the function could have been 
obtained when the muscle was at rest. To learn the part played by 
sympathetic nerves in controlling the vascular supply of muscles, a study 
was required of the ‘actively contracting muscle. In this paper we 
describe experiments in which this has been done. 


EXPERIMENTAL PROCEDURE 


The muscles of one hindleg of a dog have been perfused with de- 
fibrinated blood, using for the perfusion a Dale-Schuster pump [1928]; 
the venous outflow was recorded with Gaddum’s recorder [1929]; the 
muscles were caused to contract by stimulation of the motor roots, and 
the tension of the gastrocnemius muscle was recorded with an isometric 
lever. During the contraction the lumbar sympathetic chain was 
stimulated at will. With the perfusion system used, whenever vaso- 
constriction was produced by sympathetic stimulation or the injection 
of adrenaline, the arterial pressure automatically rose, and was always 
accompanied by a diminution of venous outflow. 

The order of making the preparation was as follows. A dog was 
anaesthetized with a mixture of chloroform and ether, and a trachea 
tube was inserted. Pernocton (10% aqueous solution of the sodium salt 
of secondary butyl-f-bromallylbarbituric acid) was then injected into 
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the jugular vein and the ether discontinued. The spinal cord was exposed 

and the sixth and seventh lumbar and first sacral roots of the left side 

were tied with silk thread and separated from the cord outside the dura. 

Sometimes the fifth lumbar and second sacral roots were also separated. 
A silk thread was passed between each pair of dorsal and ventral roots 

and tied round the dorsal root; the dorsal root was separated from the 

ventral root as far as the ganglion and cut off. A length of motor root 

usually about 1 cm. was thus left for stimulation. In preparing the roots 

great care was taken not to stretch them. The wound in the back was 
packed with cotton wool while the rest of the preparation was made. The 
dog was eviscerated. The hindleg to be used was always perfused by 
means of cannulae placed in the external iliac artery and common iliac 
vein of the opposite side, the cannulae being directed towards the 
bifurcation. Hence at this point the right external iliac artery and 
common iliac vein were divided, and tributaries of the common iliac vein 
were tied off. The aorta was ligatured immediately below the origin of 
the two external iliac arteries. The right iliopsoas muscle was divided, 
and a hole was bored through the underlying bone to take a long steel 
rod by which the lower part of the dog could be fixed. The left lumbar 
sympathetic chain was exposed and a silk thread passed round it 
opposite the lower pole of the left kidney. The skin was cut around the 
left thigh immediately below Poupart’s ligament, and the skin was 
_ dissected off down to the ankle. Bleeding points on the surface of the 
muscles were tied. The portion of the os calcis to which the tendo 
Achillis was attached was divided, and the tendon was freed. A stout 
copper wire was attached to the tendon above the fragment of bone. 
Ligatures were tied around the lower end of the tibia, enclosing the 
neighbouring muscles, to arrest the circulation in the foot. The skin was 
then drawn back on to the leg to keep it warm, the copper wire passing 
through a hole in the skin at the heel, and the cut edge of the skin was 
sewn in its previous position. A hole was bored through the lower end 
of the femur for the passage of a steel rod. The dog was placed on its 
left side, the hindquarters being raised about 10 cm. above the operating 
table. The steel rods were fixed in position and the wire from the tendo 
Achillis was attached to a tension lever, the resting tension being about 
1 kg. Cannulae were placed in the right external iliac artery and common 
iliac vein. At this point a second dog was anaesthetized and as much 
blood as possible was drawn from a cannula in the carotid artery; this 
blood was defibrinated, and drawn into the Dale-Schuster pump. The 
lungs of this dog were then perfused by means of one side of the pump 
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through the pulmonary artery, the blood being collected again through 
a cannula in the left auricle. When the second side of the pump was 
connected to the arterial cannula in the external iliac artery and the 
reservoir to the cannula in the iliac vein of the first dog, the aorta and 
inferior vena cava of this dog were ligatured immediately above the 
bifurcation, and perfusion through the hindleg was at once begun, so 

that the muscles were without a circulation for a few seconds only. 
Throughout the perfusion care was taken that the blood entering the 
leg was at 37°C. Blood was collected from the carotid artery of the 
first dog, so that the heart soon stopped beating. Shielded electrodes 
were placed round the lumbar sympathetic chain after it was divided; 
and the chain was stimulated from an induction coil at the rate of 
32 per sec. An electrode was finally applied to the motor roots. This was 
constructed of a fork-shaped piece of vulcanite with three prongs, each 
7mm. wide. At its end, each prong was curved round like a hook, and 
in the curve of the hook lay a platinum plate on which either one or two 
motor roots were laid. All three platinum plates were connected to one 
terminal, the second electrode being a zinc plate wrapped in cotton and — 
soaked in saline and placed under the skin nearby. The stimulation was 
supplied by condenser discharges the frequency of which was determined 
by the rotating commutator described by Hill [1934], or by an oscillating 
valve circuit. The rate of stimulation by either method was from 400 
to 500 per sec. 


A. Changes in blood flow during muscle contraction 
The changes in blood flow during contraction of muscles have been 
investigated by many workers in the past and recently by Rein and his 
co-workers on the one hand and Anrep and his co-workers on the other. — 
Rein has made use of the thermostromuhr, and Anrep of the hot-wire 
anemometer. In our experiments we have been able to obtain simul- 
taneous records of changes in arterial resistance and in venous outflow 
by direct registration. We have applied our stimulation to the motor 
roots, and not to the sciatic nerve or to the muscle itself, as was done by 
previous workers, and have recorded the changes in blood flow both 
when the initial vascular tone was high and when it was low. Throughout 
the course of 26 experiments the changes of blood flow during muscle 
contraction have been without exception as now to be described. 
Hffect of a tetanus. In Fig. 1 is shown the effect of a tetanus lasting 
3 min. 20 sec. on the flow of blood through the perfused muscles. The ~ 
pressure in the arterial cannula was approximately 60 mm., and no 
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adrenaline was present in the blood. There was a sharp increase in the 
arterial resistance when the muscles contracted, the pressure in the 
arterial cannula rising to about 90 mm., and this increase was accom- 
panied by a momentary increase in the venous outflow followed by a 
decrease. The increase in the arterial resistance 
and in the venous outflow at the beginning of 
a tetanus are also shown in Figs. 2 and 3; 
both appear to be due to the mechanical effect 
of the contraction which offers resistance to 
the inflow of blood, and also squeezes blood 
out of the muscle into the veins. This view 
of the effect of the contraction, put forward 
by Anrep, Blalock & Samaan [1933] is sup- 
ported by the abrupt fall in arterial resistance 
when the tetanus ended shown in Figs. 1-3, 
and by the momentary decrease in venous 
outflow shown in Fig. 1 and in Fig. 3 a, 6. 
The chief purpose of Fig. 1, however, is to 
illustrate that in certain circumstances the Fig. 1. The upper record shows 
rise in arterial resistance persists throughout {2° changes 
the stimulation, andissometimesaccompanied 4 dog’s bindleg. The. lower 
by diminished venous outflow. Anrep, when arterial resistance. ie 
writing with v. Saalfeld in 1935, considered ign! M.R. the motor roots 
that this was the usual change. Keller, Loeser momentary expulsion of the 
& Rein [1930] and Rein, Mertens & Schneider 10d in the muscle from 
[1935], on the other hand, found that during sistance to the inflow. During 
a tetanus the flow of blood in the femoral diminished but os 
artery was equal to the resting blood flow or tester than in the resting 
showed a progressive increase, The difference on her 
between Anrep and Rein has been largel * drop in the venous out- 
cleared up by Kramer & Quensel [1937], filled up. 
state that the change depends on the duration “ronshout. 

of the tetanus. If this is very short, as it was in Anrep’s experiments, not 
exceeding 5 sec., then Kramer & Quensel find that in this period mechanical 
compression impedes the flow; if, however, the tetanus is longer, they 
observe an increased blood flow, in confirmation of Rein, but greatly 
exceeding that recorded by Rein. Our own observations support Kramer 
& Quensel fairly well In Fig. 2b, where there was normal vascular tone, 
during the tetanus applied for 5 sec. there was a diminishing arterial 
. resistance which at the end of the tetanus had diminished just below the 
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initial resting level. In Fig. 3b, where again there was normal vascular 
tone, during a tetanus of 100 sec. there was a very large fall in arterial 
resistance accompanied by an increased outflow. We do not think, 
however, that the duration of the tetanus is the whole explanation of the 


abe 


20- 


Fig. 2. Upper record is venous outflow; calibration in o.c. per min.; lower record is pressure 
in arterial cannula, (a) shows the effect of tetanus for 5 sec. when the tone was low, 
(6) shows the effect when the tone was raised by a constant infusion of adrenaline 
(1 : 100,000 at the rate of 0-3 c.c. per min.). In (a) the arterial resistance fell slightly 
during the tetanus but remained above the initial height; in (6) the resistance fell 
rapidly during the tetanus to below the initial height. Note the much greater increase 
in blood flow after the tetanus in (5) than in (a). 


difference between Anrep & Rein, though it is perhaps the most im- 
portant part; the vascular tone is also important. In the experiments 
of Anrep & v. Saalfeld the gastrocnemius was perfused, whereas in Rein’s 
experiments the natural circulation was present. In perfused muscles 
the vascular tone is low, whereas with the natural circulation it is high, 
and the difference in the responses obtained is shown in the two parts 
of Figs. 2 and 3. In Fig. 2a the tone was low and the increase in arterial 
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" resistance persisted during the tetanus, as it did in Fig. 1. In Fig. 26 
the tone was higher, because of adrenaline present in the blood, and the 
arterial resistance fell more steeply during the tetanus. In Fig. 3 the 


Fig. 3. Similar to Fig. 2, but showing a tetanus for 100 sec. There was very little change 
in the blood flow in (a) when the tone was low, apart from the large initial expulsion 
of blood when the muscle contracted. In (6) when the tone was high (adrenaline 
infusion 1 : 100,000 at the rate of 0-5 c.c. per min.) the increase in blood flow during 
the tetanus was very great. Note in (a) and (b) the sudden increase of inflow and 
diminution in outflow when the contraction stopped. 
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changes in venous outflow were very different when the initial tone was 
low and when it was high. In Fig. 3a there was scarcely any increase 
in outflow during the tetanus, except at the beginning when the con- 
traction drove the blood out of the muscles. In Fig. 3b on the other 
hand there was a very large increase during the tetanus. __ 
We conclude that the contraction of the muscle impedes the inflow, _ 
and that this obstruction can predominate for several minutes if the 
vascular tone is low. When the tone is normal or high, the obstruction 
is overcome by vascular dilatation during the tetanus provided this lasts 
for at least 5 sec. This vascular dilatation may be very great. The venous 
outflow may be reduced during a tetanus if the tone is low, though 
usually, after the first sudden discharge of blood due to the contraction, 
it remains the same as before. If the vascular tone is normal or high the 
venous outflow increases only after the tetanus stops when the tetanus 
is not more than 5 sec. If the tetanus lasts more than 5 sec. the venous 
outflow increases greatly during the tetanus. : 
Effect of repeated stimuli. We have also examined the effect on the 
blood flow of applying repeated stimuli at the rate of 110 per min. to 
the motor roots. The changes in arterial resistance were similar whether 
the vascular tone was low, as in Fig. 4a, or high as in Fig. 40, and differed 
only in degree. There was a brief rise in arterial resistance after which 
there was a fall prolonged throughout the period of stimulation. There 
was a further fall when the stimulation stopped. The venous outflow in 
Fig. 4a showed the same initial increase as at the beginning of a tetanus, 
and the outflow remained above the resting outflow during the stimula- 
tion. There was a drop in outflow when the stimulation stopped as the 
muscles filled up. In Fig. 4b when the arterial tone was high, the initial 
emptying of the muscles was not observed, presumably because (as in 
Fig. 36) very little blood was present in the muscles. The outflow during 
stimulation was approximately twice as great as the resting outflow and, 

_ except for a temporary decrease when the stimulation stopped, persisted 
for some time after the stimulation. 
Effect of sympathetic stimulation and of adrenaline during muscle work. 
Mertens, Rein & Valdecasas [1936] stated that during muscular work the 
vascular action of adrenaline disappeared. They recorded the flow of 
blood through the femoral vein of the dog and found that whereas 
during rest the intravenous injection of 5g. adrenaline caused a 
diminution followed by an increase in the rate of blood flow, during 
muscular work the injection of the same dose was without effect. 
Mertens et al. speak of the effect of adrenaline as being abolished during 
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muscle work; our own observations indicate, however, that the effect 
is rather a diminution than an abolition. In Fig. 5 is shown the effect 
of 7 pg. adrenaline injected during rest, into the arterial cannula through 


Fig. 4. Records as in Fig. 1. Shows changes in blood flow during the application of 
repeated stimuli to the motor roots at the rate of 110 per min. The changes in flow 
were similar in (a) and in (6), though the increase in flow during stimulation was 
much greater in (b) when the tone was high (adrenaline infusion 1 in 100,000, 
0-5 c.c./min.). In (a) the mechanical effects of contraction are well shown at the 
beginning and the end of the stimulation in the venous outflow and also in the arterial 
resistance. 


which the muscles of a dog’s hindleg were perfused; there was a rise of 
40 mm. The motor roots were then stimulated and during the tetanus 
the same dose of adrenaline was injected ; the rise of pressure was no more 


a 
ES 
4 
i 
4 
fad 
3 
x 
4o- 
20- 
4 
y 
a 
a 
: 
< 
a ; 
a 
om 
4 e 
=) & 
3 
= 
a4 
ie 
q ae 
‘a 
4 
2 
“4 
. 


ORBELI PHENOMENON 211 


than 16 mm., and the diminution in venous outflow was much less than 
during rest. The adrenaline was injected twice again when the tetanus 
ended, after 25 sec., when the rise of pressure was 29 mm., and after 
80 sec. when the rise was 38 mm. The same diminution of constrictor 
effect during muscle work was observed with doses as low as 3 pg. or 
as high as 20 yg., but the constriction was never abolished. The result 
was obtained in each of eight experiments. | 


Fig. 5. Records as in Fig. 1. At the first arrow 7 yg. adrenaline were injected into the 
arterial cannula while the muscles were at rest. The upper record shows the fall in 
venous outflow and the lower record the rise in arterial resistance. The motor roots 
were then stimulated and the injection was repeated at the second arrow during a 
tetanus. The increase in arterial resistance was 16 mm. instead of 40 mm. during rest. 
Two further injections of 7 ug. adrenaline were given after the stimulation stopped. 
After 25 sec. the rise was 29 mm., and after 80 sec. the rise was 39 mm. 


The effect of sympathetic stimulation was also diminished during 
muscle contraction as shown in Fig. 6; in this record is seen the effect 
of a stimulation of the sympathetic chain for 30 sec. before, during and 
after a tetanus. When the sympathetic chain was stimulated during 
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the tetanus the change in peripheral resistance and venous outflow 
became much less. The same small effect was seen when the stimulus was 
applied 15 sec. after the end of the tetanus. The constrictor action 


Fig. 6. Fig. 7. 


Fig. 6. In (a) the sympathetic chain was stimulated while the muscles were at rest. The 
same stimulus was applied in (b) both during a tetanus, and also 15 sec. after the end 
of the tetanus. The vasoconstriction during and shortly after the tetanus was very 
much less than before the tetanus. The stimulus was applied again in (c) during rest 
12 min. later, when the original effect was obtained. 

Fig. 7. The record shows in (a) the vasodilator effect of a stimulation of the sympathetic 
chain for 3 sec, and the mixed effect of stimulation for 10 sec., applied while the 
muscles were at rest. In (6) the same stimuli were applied when the muscles were 
tetanized through the motor roots. The dilator component of the response was then 
not seen, and small constrictor effects were obtained. 


rapidly recovered when the tetanus was stopped. In some preparations, 
when stimuli of short duration were applied during muscle rest, vaso- 
dilatation was produced as shown in Fig. 7. A stimulus for 3 sec. 
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produced simple vasodilatation, and one for 10 sec. produced mixed 
dilatation and constriction. When these stimuli were applied during a 
tetanus, the vasodilator element of the response disappeared, and slight 
constrictor effects only were seen. 


B. The Orbeli phenomenon 


In 1923 Orbeli published the results of experiments in which he 
studied the effect of sympathetic stimulation upon the contraction of 
the gastrocnemius muscle evoked by repeated stimulation of the motor 
roots; his observations were made in the frog. Orbeli found that when 
the contractions were diminishing in size due to fatigue, sympathetic 


_ stimulation then increased the height of contraction; this increase was 


observed in the majority of the experiments, but in a minority there was 
a decrease in the contraction. The results in the frog have been repeated 
by various workers; a full account of the relevant literature is given by 
Wolff & Cattell [1934] who themselves also confirmed Orbeli’s obser- 
vations. In warm-blooded animals, Baetjer [1930] recorded the con- 
tractions of the cat’s gastrocnemius, using an isotonic lever and stimu- 
lating the motor roots. Her experiments were made under urethane 
anaesthesia. She found that when a stimulus was also applied to the 
sympathetic chain, there was an increased shortening especially when 
the muscle was fatigued; in some experiments, however, she observed 
a diminished contraction of the muscle, which she ascribed to vaso- 
constriction. To see whether the increase in contraction on sympathetic 
stimulation was due to vasodilatation she performed cross-circulation 
experiments in which the muscles were supplied by the blood of a second 
cat. In one of these experiments she was able to show that the increase 
in contraction was accompanied by a decrease in muscle volume, recorded 
by a plethysmograph, and therefore concluded that the matenee in 
contraction was not due to vasodilatation. 

Baetjer’s results were of great importance because they showed that 
the Orbeli effect is not a peculiarity of the frog. Phenomena observed 
in cold-blooded animals are commonly disregarded until they have been 
shown to occur in warm-blooded animals. In 1930 also van Dijk recorded 
similar results in the pigeon. He stimulated the third nerve of the 
brachial plexus and observed the contraction of the triceps brachii; he 
found that if the cervical sympathetic chain was also stimulated when 
the muscle was becoming fatigued the amplitude of the contraction 
increased; but his evidence was not so clear as that of Baetjer. 
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In the course of our work we have been able to observe the rise of 
tension produced by sympathetic stimulation in fifteen out of seventeen 
experiments and by the injection of adrenaline in very many more, and 
to study the relation of the rise of tension to the blood flow in the 
perfused muscles, Our results establish the conclusion, to which Baetjer’s 
results pointed, that the rise in tension produced by sympathetic stimu- 
lation occurs in spite of the diminution in blood flow. 


Effect of blood flow on muscle tension. Observations were first made 


on the effect of changes in blood flow on the tension maintained during 


a prolonged tetanus. In Fig. 8 is a record during the stimulation of the © 


motor roots, showing the rise in tension in the gastrocnemius from 4-0 
to 4-7 kg. produced by increasing the stroke of the pump, so that the 
venous outflow rose from 100 to 140c.c./min. During this experiment 
no adrenaline was added to the perfusing blood, so that the increased 
tension was not due to an increased amount of adrenaline entering 
the muscles. When the pump stroke was again reduced the tension 


fell in proportion. This observation was repeated many times in | 


different experiments, and it showed, as was to be expected, that a 
diminution of blood flow causes a fall in the tension developed by the 
muscle. 

Effect of sympathetic stimulation during a tetanus. When a tetanus 
was produced by stimulation of the motor roots, the form of the tension 
curve resembled that shown in the upper part of Fig. 9. There was an 
initial spike followed by a fall and a second slower rise; the tension then 
fell more slowly, and during some minutes was maintained nearly 
constant. The inflow of blood, after being momentarily checked by the 
onset of contraction, increased, as did the outflow. When the sympathetic 
chain was stimulated during 1 min., the inflow and outflow of blood 
diminished, and after a latent period of about 10 sec. the tension in the 
muscle rose by about 1 kg. The rise occupied about 20 sec., and after 
the maximum tension was reached the tension fell slightly during the 
remainder of sympathetic stimulation. At the end of this stimulation, 
as the inflow of blood increased, there was a further rise in tension, which 
then slowly passed off. | 

Similar effects to those produced by sympathetic stimulation were 
also produced by adrenaline, as shown in Fig. 10. In this experiment the 
initial tension developed in the gastrocnemius was about 18 kg.; stimu- 
lation of the sympathetic chain for 30 sec. when the muscle was only 
beginning to be fatigued already produced a small rise of tension, but 
later, while the tetanus was maintained and the muscle more fatigued, 
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Fig. 8. The upper record shows the tension in the gastrocnemius muscle during a tetanus; 


_ rose from 4 to nearly 5 kg., and fell again when the pump stroke was reduced once more. 


Fig. 9. The record demonstrates the Orbeli phenomenon. The motor roots were stimulated 
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Fig. 8. 


the middle record is the vehous outflow, and the lower record is the arterial resistance, 
Between the arrows the stroke of the pump was increased and the venous outflow rose 
from 100 to 140 c.c./min. No adrenaline was present in the blood. The muscle tension 


The record illustrates that the tension varies according to the blood flow. 


during 4 min.; the tension developed in the gastrocnemius during this period is shown 
in the top record; the changes in venous outflow and arterial resistance are shown 
below where M.R. indicates the period of stimulation of the motor roots. After 
2 min. the sympathetic chain (Sy) was stimulated; there was a rise of muscle tension, 
@ fall in venous outflow and an increase in arterial resistance due to vasoconstriction. 
There was a second rise in tension when the sympathetic stimulation stopped, and — 
the vasoconstriction was passing off. 
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Fig. 10. Above is s record of the 


tension during a tetanus. The 
tension initially wae 18 kg.; it 
then fell rapidly and was main- 
tained at about 5kg. After 
2 min., sympathetic stimulation 
for 30 sec. produced a rise of 
tension of 0-5 kg. Later the in- 
jection of 7 ug. and of 20 xg. 
adrenaline produced rises of ten- 
sion of Ikg. and 2 kg. respectively, 
in spite of. the simultaneous 
diminution in blood flow. Al- 
though 20 pg. adrenaline is a 
large dose the constriction it 
produced was not. greater than 
that produced by sympathetic 
stimulation. 
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the injection of 7 and 20 yg. adrenaline into the arterial cannula produced 


rises of about 1 and 2kg. respectively, in spite of the simultaneous 
diminution in blood flow through the muscle. When still larger doses 
of adrenaline were used as in Fig. 11, the effect on the tension was 
reversed ; the injection of 20 yg. caused an inorease in tension of nearly 
2 kg. as in Fig. 10, but the injection of 100 yg., causing a very great 
diminution in blood flow, diminished the tension by 2-5 kg. This result 
made it highly probable that the effect on the muscle tension was the 
resultant of an augmentation of tension due to the direct action of 


adrenaline on the muscle, and of a diminution of tension due to the . 


action of adrenaline on the blood flow. In Fig. 11 the increase of tension 
by 20 ug. was due to the predominance of the first effect; the diminution 
of tension by 100 wg. was due to the predominance of the second ~ 

Relation of effect of sympathetic stimulation to blood flow. Previous 
workers have observed that the increase in tension produced by sym- 
pathetic stimulation occurs more readily in fatigued muscle. The 
following experiment is in a sense a variation of this. The effect of a 
given sympathetic stimulation on the blood flow of the resting muscle 
was first determined ; it is recorded in Fig. 12a. Both inflow and outflow 
were reduced. The motor roots were stimulated, and during the tetanus 
the sympathetic stimulation was repeated; the diminution in inflow and 
outflow seen in Fig. 126 was less than in the resting muscle. At the same 
time the tension in the gastrocnemius rose by nearly 1 kg. In a second 
tetanus the stroke of the pump was increased until the perfusion pressure 
rose to the initial height; the outflow increased greatly, and the muscle 
tension was maintained at 6 kg. A repetition of the sympathetic stimu- 
lation now produced (see Fig. 12c) a fall in the muscle tension of rather 
more than 1 kg. Thus the same sympathetic stimulation produced in 6 
a rise and in c a fall in tension; the fall was seen when the blood flow — 
through the muscle was greater, and when, in consequence, the muscle 
was less fatigued. | 

Effects during repeated stimulation. In addition to observations during 
a tetanus, we have made others during the application of repeated stimuli 
to the motor roots. In principle the effects of sympathetic stimulation 
and of the injection of adrenaline were the same in both forms of 
stimulation. In Fig. 13 repeated stimuli were applied to the motor roots 
at the rate of 110 per min., and when the tension developed at each 
contraction had diminished from 9 to 6 kg., the sympathetic chain was 
stimulated for 30 sec.; there was a rise in tension of about 1 kg. in spite 
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Fig. 11. The record shows in (a) the ties Of By 20 ys. adrenaline and in 
(b) the fall in tension produced by 100 yg. adrenaline. 
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Fig. 12. In (a) is shown the vaso- 
constriction produced by stimulation 
of the sympathetic chain at coil 9cm. 
for 30 sec. in the resting muscle. In 
(6) is shown the same stimulation 
during a tetanus. The vasoconstric- 
tion was smaller and there was a 
rise in tension from 4-0 to 4-8 kg. in 
the muscle. In (c) is shown a second 
period of tetanus in which the blood 
flow was increased by increasing the 
stroke of the pump until the arterial 
pressure was the same as at rest. 
The venous outflow was then much 
greater, and the tension maintained 
in the muscle was also much greater. 
Repetition of thesympathetic stimu 
lus then caused a fall in tension. 
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of the Siniiesitiais in blood flow. Later the intra-arterial injection of 
20 pg. adrenaline, which caused about the same vasoconstriction, 
produced a rise of about 2 kg. in spite of diminished blood flow. With 
interrupted stimuli as well as during a tetanus, application of sympathetic 


Fig. 13. The figure shows the tension developed when repeated stimuli were applied to the 
motor roots at the rate of 110 per min. The sympathetic chain was stimulated (Sy) 
and caused a diminution in blood flow, accompanied by a rise of muscle tension. 
Later 20 ug. adrenaline were injected which also diminished the blood flow and caused 
a still greater rise in tension. 


AG 
§ 
wy 
4 
+ 
1 “5 ‘ ; 
. 
x 
g 
og 
4 
4 4 > 
3 
~ 
<4 
> 
i 
{ 
3 4 
“ 
Ny J 


ORBELI PHENOMENON 221 


stimulation at an early stage often produced a fall in tension as shown 
in Fig. 14a. Later a rise in tension was produced by the injection of 


Fig. 14. The record shows that soon after repeated stimuli were applied to the motor roots, 
the stimulation of the sympathetic chain caused constriction of the arteries and 
diminished venous outflow, accompanied by a fall of tension. Later the injection of 
7 pg. adrenaline caused a similar effect on the blood flow but a rise in tension; later 
still repetition of the sympathetic stimulus caused a rise in tension. 


7 pg. adrenaline, and later a further rise by the same sympathetic 
stimulation which earlier produced the fall; at this second application 
the diminution in blood flow was less than at the first. 
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Discussion 


The experiments furnish additional evidence of the changes in blood 
flow occurring during muscular work, and, we think, clear up all remaining 
differences of the controversy between Anrep and Rein. Anrep’s 
experiments showed that during contraction the inflow was diminished 
or arrested, while Rein found that the inflow increased above the resting 
inflow. Kramer & Quensel have pointed out that there is a difference 
between the changes of a short tetanus and those of a long one; they 
found a diminished inflow when the tetanus was less than 5 sec. as in 
Anrep’s experiments, but a very much increased inflow for the longer 
- tetani studied by Rein. Our results confirm Kramer & Quensel, and show 
in addition the importance of the vascular tone. If that tone is low, the 
inflow of blood is diminished even during a long tetanus, and in perfusion 
experiments the tone is low unless vasotonins are present or unless 
adrenaline is added. On the other hand, if the tone is high the inflow of 
blood is increased during a tetanus. In Rein’s experiments the natural 
circulation was maintained and the tone was high; in some of the 
experiments of Anrep & v. Saalfeld [1935] the muscles were perfused, 
and it is probable that the vascular tone was low. 

The method we have used of perfusing the muscles by means of a 
pump enables the dilatation of the muscle vessels during a tetanus, or 
during repeated stimulation, to be readily demonstrated. This dilatation 
and the accompanying increase in blood flow is surprisingly great, and 
is, we think, insufficiently recognized. In the anaesthetized animal 
activity in a group of muscles is not accompanied by any appreciable 
fall of blood pressure and the prevention of this must entail a large 
deviation of blood*from the skin and intestines, and a notable increase — 
in cardiac output. Fleisch & Weger [1938] have brought forward 
evidence that the increased blood flow during work is due to nervous 
-Teflexes (nutritive Gewebesensibilitat). They base this conclusion on the 
observation that the increased blood flow produced when the muscles 
were stimulated directly did not occur when a solution of novocain, of 
strength 1 in 2000, was infused into the blood. Our own observations 
are incompatible with the view that nervous reflexes are involved, since 
we have divided the sixth and seventh lumbar and first sacral roots 
(and sometimes also the fifth lumbar and second sacral) from the spinal 
cord. Moreover, the spinal cord was without a blood supply from the 
time the perfusion began. Thus nervous reflexes could not occur, and 
yet the increased blood flow during work was regularly observed. We 
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think it dangerous to draw conclusions about the cause of vasodilatation 
from the effect of novocaine, which Macgregor in this laboratory has 
recently observed to have a curari-like action on striated muscle. Fleisch 
& Weger do not state whether in the presence of novocaine the 
muscular contraction was diminished. 

Our records of muscle tension confirm Baetjer’s observation that the 
Orbeli phenomenon occurs in warm-blooded animals as well as in the 
frog. By means of our simultaneous records of blood flow we have been 
able to establish that the rise of tension observed when the sympathetic 
chain is stimulated, or when adrenaline is injected is not due to an 
improved blood supply, but occurs in spite of a diminished supply. 
Adrenaline diffuses from the blood into the muscle cells and probably 
affects the metabolism in such a way that more energy is made available, as 
has been suggested by various workers. For example, Gruber & Fellows 
[1918] showed that the tibialis anticus of the cat, when perfused with 
Ringer’s solution and stimulated through the nerve until contraction 
ceased, resumed contraction when adrenaline was injected into the perfu- 
sion fluid, although the injection caused an almost complete cessation of 
flow. Similarly Kuschinsky & Viaud [1933] showed in the guinea-pig 
that, after fatigue had occurred, injections of adrenaline increased the 
response of the muscle to direct stimulation. The action of sympathetic 
stimulation, which we describe, can of course be attributed to a sym- 
pathetic innervation of the muscle cells, but it is possible that it is due 
to the humoral transmitter, liberated in the walls of the blood vessels, — 
which diffuses into the muscle cells in the same way as injected adrenaline. 

How important the phenomenon is in the living animal it is impossible 
to say, but it offers at least a partial solution to the difficulty raised by 
sympathetic activity in times of stress, when the blood supply to the 
muscles is reduced and the muscles are thereby rendered less able to 
contract. If the sympathetic impulses which diminish the blood flow 
liberate a substance which increases the available energy, then what is 
taken away from the muscles with one hand is given back again with 
the other. | 

The evidence obtained in the course of this work has shed no light 
on the problem with which we began, namely the function of the vaso- 
dilator fibres in the sympathetic supply to the muscles. Stimuli which 
in the resting muscle caused vasodilatation were found to produce slight 
constriction when the muscle was working, and did not improve the 
blood flow. Thus in the conditions so far investigated a function for these 
vasodilator fibres has not been discovered. 
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SUMMARY 

1. Experiments have been performed in which the muscles of the 
hindleg of the dog have been perfused, and in which the changes in 
arterial resistance and in venous outflow were recorded. The muscles 
were made to contract by stimulation of the motor roots. 

\ 2. The onset of muscular contraction dimimishes the inflow and 
increases the outflow; the cessation of contraction increases the inflow 
and diminishes the outflow; these are mechanical effects. : 

3. The changes in blood flow during a tetanus depend on the 
vascular tone, and also on the duration of the tetanus. If the tone is low 
the inflow and outflow during a tetanus of any duration are reduced. 
If the tone is normal or high the inflow and outflow are increased unless 
the tetanus is shorter than 5 sec. When the tetanus is less than 5 sec. 
the inflow is diminished during the tetanus and the inflow does not 
increase, but there is a large increase in inflow and outflow when the 
tetanus stops. 

4, Similar changes follow the application of repeated stimuli. 

5. The constrictor response to sympathetic stimulation is diminished 
during a tetanus; similarly the constrictor response to adrenaline is 
diminished. 

6. The tension maintained by a muscle during a tetanus of several 
minutes duration is increased by an increase of blood flow and is decreased 
by a decreased blood flow. 

7. Stimulation of the sympathetic chain during muscle work 
diminishes the blood flow, but nevertheless increases the tension. 
Injection of adrenaline also increases the tension provided the dose is 
not too large. Large doses of adrenaline diminish the tension because 
of the great diminution of blood flow. 

___ 8. In the beginning of muscle work stimulation of the sympathetic 
chain also diminishes the tension; it is when the muscle is more fatigued 
that stimulation of the chain increases the tension. 

9. The evidence shows that the rise of muscle tension caused by 
sympathetic stimulation during a tetanus or during the application of 
repeated stimuli occurs in spite of a diminution of the blood flow. 


This work was begun in the Pharmacological Laboratory of the College of the Pharma- 
ceutical Society. Our thanks are due to Mr H. W. Ling for his continual care and help. 
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THE INHIBITORY EFFECT OF ACETYLCHOLINE 
ON WATER DIURESIS IN THE DOG, AND 
PITUITARY TRANSMISSION 


By MARY PICKFORD, Beit Memorial Research Fellow 
From the Pharmacology Laboratory, Cambridge 
(Received 20 December 1938) 


Recent work has made it appear possible that acetylcholine is the effec- 
tive transmitter of impulses in the central as well as in certain distribu- 
tions of the peripheral nervous system. Dikshit’s work [1934, 1935] 
first brought this idea into the realm of probability. He injected acety]- 
choline into the hypothalamus and ventricles of cats and found that the 
effects produced were similar to those of electrical stimulation of those 
parts. Later, Chang, Chia, Hsii & Lim [1937] showed that a reflex 
secretion of a pressor substance of posterior pituitary origin could be 
elicited by the stimulation of the central end of the divided vagus nerve. 
It seemed reasonable, therefore, to try whether acetylcholine! played 
any part in the liberation of the posterior pituitary hormones, using the 
inhibition of water diuresis asa test for the presence of one 1s the hormones. 


METHODS 


Bitches were used, in which at a preliminary aseptic operation the 
fundus of the bladder had been removed to lessen the dead space, and the 
perineum slit dorsally in order to expose the urethral opening and make 
catheterization easy. 250 c.c. of water were given by stomach tube every 
morning as a hydrating dose, and 3-4 hr. later water diuresis was in- 
duced by giving 250-350 c.c. of water according to the size of the dog. 
The urine was collected and its rate of flow measured by means of a self- 
retaining catheter leading to a series of graduated tubes. When atropine 
sulphate was used it was injected subcutaneously in 1-2 mg. doses at the 
time of the second administration of water. Injections of acetylcholine 
in & solution of 5% sodium dihydrogen phosphate were made into the 
ankle vein with no apparent disturbance of the animal, the volume 


* Molitor & Pick [1924], using dogs, found that choline inhibited water diuresis. They 
ascribed this effect to a change in water distribution. 
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injected being never more than 1 c.c. Pituitary (posterior lobe) extract 
was also injected intravenously at the same site, the extract used 
throughout being Messrs Burroughs, Wellcome and Co.’s “Infundin” 
containing 10 international oxytocic units/c.c. 

As will be seen later the analysis of the response to acetylcholine 
necessitated the removal of the posterior lobe of the pituitary body. This 
was done through the mouth under “Nembutal” (sodium ethylmethyl- 
butylbarbiturate) anaesthesia, 0-66 c.c./kg. body weight of a 5° solution 
in water being slowly injected intravenously. A tracheal cannula was 
inserted through a short incision in the neck so that the pharynx might 
be packed off. After the mouth had been swabbed with a 1:1000 acri- 
flavine solution the soft palate was incised and retracted to expose the 
region at the base of the skull. The bone was opened over the pituitary 
body by Aschner’s [1912] method of chisel and hammer and small sharp 
spoon. Bleeding was controlled by Horsley’s wax, and any general 
oozing of blood stopped by gentle packing with gauze soaked in “Styp- 
ven” (Russell viper venom, Messrs Burroughs, Wellcome and Co.). The 
posterior pituitary was dissected from the anterior with a blunt needle, 
and picked out with spoon-ended Péan forceps. The whole area was 
_ again swabbed with acriflavine solution, and the palate wound was 
closed with fine catgut. 

The animals seemed to suffer no ill effects at all, and as soon as they had 
recovered from the anaesthetic were well and lively and of good appetite. 

When the animals were killed the hypothalamus and pituitary region 
were hardened im situ by perfusion of the whole animal with 10% 
neutral formalin,! and later dissected out in one piece with the underlying 
dura. The specimens were imbedded in paraffin, cut serially at 7-8. 
spacing and stained with haemotoxylin and eosin. 3 

Pieces of the kindeys also were fixed in formalin, imbedded in paraffin 
and examined microscopically after the sections had been stained with 
haemotoxylin and eosin. No abnormality in structure was detected. 


RESULTS 


The first dose of acetylcholine used in the atropinized animal was one 
of 100 mg. in 1 c.c. of solute at a time when the urine flow rate was 
47 ¢.c./15 min. Five minutes after the injection the urine flow had ceased. 
The anuria lasted for between 7 and 8 min., then the flow slowly recovered, 
and 1 hr. after the injection it had returned to the rate of 49c.c./15 min. 

2 I am indebted to Prof. J. Beattie for the method of hardening the brain in situ, and 
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_ An injection of 40 mg. of acetylcholine under similar circumstances 
also gave an 100% inhibition of water diuresis, and one of 5 mg. a 
90% inhibition. With the doses of 100 and 40 mg. the animals 
showed momentary muscular weakness, and with all three doses there 
was panting lasting about } min., and marked paling of the vulva and 
lips lasting for 10-15 min. When 1 mg. acetylcholine was used no 
blanching of the mucous membranes was visible, but there were occa- 

sionally one or two puffing respirations. With 0-2 mg. acetylcholine there 


Rate of urine flow in c.c./15 min. 


Fig. 1. Curve (e——e) shows the effect of acetylcholine, given intravenously, on water 
diuresis, Abscissa =time in minutes; ordinate =rate of urine flow in c.c./15 min. At 
W 350 o.c. water by stomach tube and 1-5 mg. atropine sulphate subcutaneously. 
At A, B and C 0-2 mg. acetylcholine intravenously. Curve (e-—-—e) shows the effect 
of posterior pituitary extract on water diuresis. At D 0-00002 c.c. posterior pituitary 
extract intravenously. 


was no apparent disturbance of any kind, whilst the rate of urine flow 
was depressed to an average of 41% of that immediately preceding the 
injection. The inhibition was once as little as 10% and once as much as 
76%. In all, fifty-five observations of the effect of various doses of the 
drug were made on ten dogs. Only twice did the inhibition fail to appear: — 
reference will be made later to these two exceptions. With doses of acetyl- 

choline from 1-0-2 mg. the inhibition of water diuresis reached its maxi- 
mum in 5-20 min. (average 8 min.), and the flow returned to the diuretic 
rate in 9-60 min. (average 25 min.) (see Figs. 1 and 6a). In a few cases 
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there was a gradual fall in the rate of the urine flow with no return to 
diuretic.levels. 

The inhibition observed is not due to the direct action on the kidney 
of changes in the general blood pressure. In one bitch a blood-pressure 
record was taken during the injection of acetylcholine. The femoral 
artery was dissected out under local anaesthesia and the blood pressure 
recorded from a heparin filled cannula tied into the artery. When this 
had been done 300 c.c. of water were given by mouth and 1-5 mg. of | 
atropine sulphate subcutaneously. When diuresis was established 1 mg. 
of acetylcholine was injected intravenously, and 50 min. later 25ug. of 


45-0 42-6 10-0 S520 


Fig. 2. Blood-pressure tracing from femoral artery during water diuresis and acetylcholine 
administration. Local anaesthesia. At A 1 mg. acetylcholine intravenously; at B 
25g. adrenaline intravenously. Time marker =5 sec. Upper row of figures: rate of 
urine flow in c.c./15 min.; lower row of figures: time in minutes. 


adrenaline. From Fig. 2 it can be seen that following the injection of 
acetylcholine the blood pressure made a rapid swing down then up, and 
returned to its initial level in 1? min. Not until 9 min. after the injection 
was the antidiuretic effect maximal. This antidiuretic effect, of delayed 
onset and protracted course, cannot be ascribed to the transient; fall in 
blood pressure seeing that if such a fall be restricted to the kidney by 
local compression of the renal artery [Samaan, 1936; Rydin & Verney, 
1938; Verney & Vogt, 1938} decompression is followed by a rapid return 
of urine flow to the previous diuretic rate. Moreover, the rate of urine 
flow during diuresis is unaffected by the inhalation of amyl nitrite in 
amounts sufficient to produce obvious signs of a fall in blood pressure. 
‘Farther, when later in the experiment (Fig. 2) adrenaline was given in 
a dosage which produced a pressure response closely simulating the 
secondary rise after acetylcholine an antidiuretic effect was present only 
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during the stage of increased blood pressure. When this ended the urine 
_ flow rate increased at once. 

Reference has been made to two occasions when acetylcholine did not 
have an inhibitory effect. These were when blood-pressure records were 
being taken from another bitch. In the first experiment with this animal 
it had not been possible to produce a water diuresis until 700 c.c. water 
had been given, so that the water load was unusually high. In the second 
experiment, although diuresis set in, no inhibition could be obtained 
with acetylcholine, a result for which I am unable to account. On all 
other occasions inhibitory responses to acetylcholine were obtained 
from this same dog. 

Apart from a direct action of acetylcholine on the kidney this in- 
hibition of water diuresis might be due indirectly to one or all of three 
' causes: (a) the sudden appearance in the blood of excess adrenaline, 
(b) stimulation of the sympathetic ganglia with a consequent decrease in 
the supply of blood to the kidneys, (c) the circulation in increased amounts 
of the antidiuretic hormone of the posterior pituitary body. 

A comparison of Figs. 1 and 3 shows that excess adrenaline is not the 
cause of the inhibition. It will be seen that if at the height of diuresis 
20 and 50ug. adrenaline hydrochloride are given intravenously there 
are sudden inhibitions in flow by ‘5 and 63% of the diuretic rates, each 
touching its maximum in 2 min. and rapidly disappearing (confirming 
Theobald & Verney [1935]). The form and time course of the inhibitions 
of water diuresis due to adrenaline and acetylcholine are so unlike that 
one may safely conclude that they are not produced by the same. agent. 

As has been stated, larger doses (e.g. 40 mg.) of acetylcholine when 
given intravenously produce a visible blanching of the mucous membranes. 
Although with smaller doses (1 mg. and under) no colour change is 
apparent, the possibility of arteriolar constriction from stimulation of 
the sympathetic ganglia is not excluded. The observations were therefore 
repeated on two animals whose kidneys had been denervated by careful 
stripping of their pedicles and by severing all but their vascular and 
ureteric connexions. The inhibition of water diuresis by acetylcholine 
appeared with as much regularity and intensity as before (Fig. 4). 

Reference to Fig. 1, however, shows that the form and time course of 
the inhibitions of water diuresis due to acetylcholine and small intra- 
venous doses of posterior pituitary extract resemble each other closely. 
This suggests that they are the result of a common cause. If this sup- 
position be correct acetylcholine should have no inhibitory action after 
the removal of the posterior pituitary body. This was found to be the case. 
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Rate of urine flow in c.¢./15 min. 


Fig. 3. The effect of adrenaline, given intravenously, on water diuresis. Abscissa and 


ordinate as in Fig. 1, g.v. At W 300 c.c. water by stomach tube and 1-5 mg. atropine 


sulphate subcutaneously. At A 20 yg. and at B 50yg. adrenaline intravenously. 


i 


Rate of urine flow in c.c./15 min. _ 


Time in min. 

Fig. 4. The effect of acetylcholine on water diuresis in a dog with denervated kidneys. 
Abscissa and ordinate as in Fig. 1, g.v. At W 300 c.c. water by stomach tube and 

1-5 mg. atropine subcutaneously. At A 1 mg. and at B 0-25 mg. acetylcholine intra- 
venously. 
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In three bitches the posterior pituitary was removed by the method 
already described. In these three, acetylcholine in 0-2 and 1 mg. doses 
did not inhibit the polyuria present for from 1 to 3 days following 
operation, though posterior pituitary extract in a dose of 0-00002 c.c. — 
was effective as usual. After the polyuric stage, and when water diuresis 
appeared to be normal, acetylcholine was without effect even in 0-75 mg. 
and 1 mg. doses (see Fig. 5a). In one bitch, no. 16, 16 days after opera- 
tion, at the end of a diuresis when the water load was low, and after two 
earlier doses of acetylcholine had been ineffective, there was some in- 
hibition, though not as great in degree as before operation. 30 days after 
operation the inhibitory responses were practically normal (see below). 
In another bitch, however, an inhibitory action of acetylcholine on water 
diuresis is still absent 7 weeks after removal of the posterior pituitary. 
In an animal from which both the posterior and anterior pituitary had been 
removed, 0-5 mg. acetylcholine was without effect 9 days after operation, 
whilst 1-5 mg. did produce an inhibition. Prior to operation 0-2 mg. had 
been effective. This animal’s kidneys were normally innervated. 

Out of a total of thirty-eight observations following posterior (three 
animals) or combined anterior and posterior hypophysectomy (two 
animals) acetylcholine failed to inhibit water diuresis in twenty-six 
instances. Of the twelve positive responses eleven were from no. 16 
mentioned above (posterior hypophysectomy) and did not appear until 
16 or more days after operation. At first these positive responses were 
small, inconstant and seen only at low water loads, later they appeared 
regularly and with normal intensity. This suggested that they were due 
to the regeneration of active posterior pituitary cells from a few left 
behind at operation. The animal was killed on the 44th day after opera- 
tion and histological examination showed the existence of a small 
nodule of normal looking posterior pituitary tissue surrounded by cells 
of the pars intermedia and pars anterior. At operation the removal had 
been in two pieces and was thought to have been complete. The last — 
remaining positive response was in a totally hypophysectomized dog, 
but here the relatively large dose of 1-5 mg. was used, and a later dose of 
0-5 mg. was ineffective. | 

In normal animals, whether the kidneys are innervated or denervated, 
the chloride excretion during the inhibition of water diuresis due to 
acetylcholine rises both percentually and absolutely. After posterior or 
combined posterior and anterior hypophysectomy the rate of chloride 
excretion behaves inconstantly, it may rise or fall independently of the 
rate of urine flow, or it may simply follow the water excretion rate. 
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This inconstancy was specially noticed in dog 16 already referred to. 
__ In other animals the level of chloride excretion either remained the same 
or fell, but did not rise. Figs. 6a and 66 and 5a and 5b show graphically 
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Rate of urine flow in c.c./15 min. 


| 5% 105120135 
Time in min. | 
Fig. 5a. The effect of acetylcholine and posterior pituitary extract on water diuresis after 
: posterior hypophysectomy. Abscissa and ordinate as in Fig. 1, g.v. At W 300 c.c. 
water by stomach tube and 1-5 mg. atropine sulphate subcutaneously. At A 1 mg. 
acetylcholine intravenously ; at B 0-00002 c.c. posterior pituitary extract intravenously. 
Fig. 56. Urinary chloride values during the curve shown in Fig. 5a. 
| (e———e) mg. chloride/100 c.c. urine; (o——o) mg. chloride/15 min. 
the behaviour of the chlorides and urine flow under the influence of 
acetylcholine before operation, and of acetylcholine and posterior 
pituitary extract after operation. ; 
In the normal fasting and thirsting dog posterior pituitary extract in re- 
latively large doses will induce a diuresis [Houssay, Galan & Negrete, 1920). 
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mg. chloride/100 c.c. urine 


Rate of urine flow in c.c./15 min. 


Fig. 6a. The effect of acetylcholine on water diuresis in the normal dog. Abscissa and 
ordinate as in Fig. 1, ¢.v. At W 300 c.c. water by stomach tube and 1-5 mg. atropine 
sulphate subcutaneously. At A 1-5 mg. acetylcholine intravenously. 

Fig. 6b. Urinary chloride values during the water diuresis shown in Fig. 6a. 

(e——) mg. chloride/100 c.c. urine; (o——o) mg. chloride/15 min. 


60 120 
Time in min. — 


Fig. 7. The effect of posterior pituitary extract on the rate of urine flow in the normal 
atropine sulphate subcutaneously. 


thirsting dog. At A 0-075 c.c. posterior ptwitary extench intravenously; at C 2 mg. 
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Rate of urine flow in o.c./15 min. 


Fig. 8a, The effect of acetylcholine on the rate of urine flow in the normal and hypophy- 
sectomized thirsting dog. Abscissa and ordinate as in Fig. 1, g.v. (e——e) normal dog; 
(x x) after posterior hypophysectomy. At A 50 mg. and at B 40 mg. acetyl- 
choline intravenously. At C 2 mg. atropine sulphate subcutanequsly. 3 

Fig. 8b. Urinary chlorides during experiment shown in Fig. 8a. (e——e) mg. chloride/ 
100 c.c. urine, (o——o) mg. chloride/15 min., normal dog; ( x x) mg. chloride/ 
100 ¢.c. urine, (@——®) mg. chloride/15 min., after posterior hypophysectomy. 
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Two attempts were made to induce diuresis by means of acetyl- 
choline, once in the normal animal and once in the same animal after 
removal of the posterior pituitary. The large dose of acetylcholine neces- 
sary produces immediately after injection, even in the atropinized 
animal, violent symptoms of panting, choking and muscular weakness. 


The last two symptoms endure for a short time only, $-1 min., but | 


slight panting persists for about 10 min. Figs. 7 and 8a and 86 show the 
degree of diuresis produced by intravenous posterior pituitary extract 
and acetylcholine, and the urinary chloride changes. Both drugs caused 
a period of anuria lasting for 6-11 min., then a slow rise of the urine 
flow rate which reached a maximum in 32 and 42 min. respectively and 
returned to resting levels in 75 and 73 min. respectively. After acetyl- 
choline the chloride in the urine rose both percentually and absolutely, 
and was still high when the urine flow rate was back to normal. The 
chloride could not be analysed after the posterior pituitary extract owing 
to the presence of blood in the urine. 24 days after posterior hypophy- 
sectomy in the same dog (no. 16) the urine flow rate rose from 3 to 
4-8 c.c./15 min., 43 min. after 50 mg. of acetylcholine had been given 
intravenously (Fig. 8a). The chloride percentage fell slightly whilst the 
amount of chloride excreted per unit of time rose a little (Fig. 8b). The 
anuria immediately after the injection was not quite complete as one 
drop of urine was excreted every 2 min. on an average. It was un- 
fortunate that this observation was made on dog 16, seeing that in this 
animal a little posterior pituitary tissue was found after death. The small 
response after as compared with that obtained before operatjon, however, 
suggests that an intact posterior pituitary gland is necessary for the 
appearance of the full diuretic effect. 


Discussion 


The similarities of the responses of the dog during water diuresis to _ 


small doses of posterior pituitary extract. and acetylcholine strongly 
suggest that the observed effect of acetylcholine is due to the release of 
the antidiuretic hormone. Reference has already been made to the 
similarities of the time course and chloride changes following admin- 
istration of the two drugs. Other instances of similarity are that both 
are more effective inhibitors when the water load is relatively low 
[Pickford, 1936], that both occasionally lead to a short-lived rise of urine 
flow rate before the fall, that both sometimes result in a slow steady fall 


of the urine flow rate with no return to diuretic levels, and that denerva- 
tion of the kidneys does not alter their actions. 
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The size of the dose of acetylcholine necessary to produce an in- 
hibition need not occasion surprise. The drug is injected into the ankle 
vein and has to reach the base of the brain, a journey taking an 


_ appreciable time, long enough for much of the acetylcholine to be 


hydrolysed and taken up by other structures it passes. In 1 mg. and 


- 0-5 mg. doses some of the drug given has visible effects other than the 


inhibition of diuresis, such as.panting. It is certain that only a small 
part of the quantity injected reaches the hypothalamus and pituitary. 
Since a transient fall in the general blood pressure caused by amyl 
nitrite is without effect on the rate of urine flow, it is improbable that 
the equally transient fall due to the intravenous injection of acetyl- 
choline can be the direct cause of a prolonged inhibition of water diuresis. 
The direct effect of acetylcholine on the renal vessels is not known, 


- but from the experiments here described and from other cgpsiderations 


it is unlikely that the effects observed are due to local vascular action. 
Verney & Vogt [1938] have described the effect of short occlusions of 
the renal artery in the dog. Occlusions of 10-30 sec. duration gave rise 
to an inhibition of diuresis varying from 31-75 %, the range of inhibition 
commonly observed in my experiments when 0-2-1 mg. of acetylcholine 
was given intravenously. In Verney’s & Vogt’s work this duration of 
compression resulted in the invariable appearance in the urine of fat, 
and changes in the chloride concentration were seen only during recovery 


from complete inhibition. On the other hand, after acetylcholine, on all 
- occasions when the chloride content was determined I have found it 


increased, and no albumen or fat was ever detected, even after 100% 
inhibition. It is, therefore, unlikely that acetylcholine leads to any 
marked diminution of the renal blood flow. Even if it be supposed that 
some local action of acetylcholine can account for the observed effects, 
that local action must also be supposed to depend on the presence of 
normal posterior pituitary tissue, since after posterior hypophysectomy 
the response is abolished. On the other hand, if the action of acetyl- 


_ choline be explained as due to the release of the antidiuretic hormone by 


an action between neurones in the hypothalamus, or between neurones 
and secreting cells in the posterior pituitary itself, these observations 
fall neatly into line with many others made both on the effector action 
of this drug and on the hypothalamic-pituitary hypothesis of the control 
of water excretion. It is to this hypothesis that the work here recorded 
most satisfactorily lends support. 
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SuMMARY 


1. Experiments are described which show that in the dog "a 
unanaesthetized) acetylcholine given intravenously during the course of 
a water diuresis results in a’ temporary inhibition of the diuresis. This 
inhibition is accompanied by a percentual and absolute rise in the 
urinary chloride. 

- 2. In the normal unanaesthetized thirsting dog acetylcholine given 
intravenously results in a diuresis which is accompanied by a percentual 
and absolute rise in the urinary chloride. 


3. After the posterior pituitary body has been removed, neither the 3 


antidiuretic nor diuretic effect can be elicited by giving acetylcholine 
intravenously, and there is no rise in the chloride excretion. 

4. From the observations here described it is concluded that the 
effect of acetylcholine on the excretion of urine is due to an action in the 
central nervous system causing a liberation into the circulation of the 
antidiuretic hormone of the posterior pituitary body. | 


It is a very great pleasure to record my thanks to Mr E. B. Verney for his ever ready 
interest and advice, 
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A METHOD FOR THE CONTINUOUS RECORDING 
OF SYSTOLIC ARTERIAL PRESSURE IN MAN 


- By J. DOUPE (Winnipeg), H. W. NEWMAN (San Francisco) 
AND R. W. WILKINS (Baléimore) 


From the Research Unit, National Hospital, Queen Square, London 
| (Received 25 July 1938) | 


Wuize direct arterial cannulation is unquestionably the most accurate 
method of obtaining continuous records of arterial pressure, there are 
obvious disadvantages to its routine use in human subjects. Many 
indirect methods for continuous blood-pressure estimation have therefore 
been devised. These may be divided roughly into two classes: (1) those 
in which the amplitude of pulsation is recorded from below a cuff 
inflated to just under systolic pressure [Erlanger, 1905; Golla & Antono- 
vitch, 1930], and (2) those in which pulse waves passing under the cuff — 


are utilized to actuate a mechanism which automatically maintains the 


pressure in the cuff at the systolic level [Kolls, 1920; Kronfeld, Miiller 
& Reiner, 1933; Darrow, 1937; Stokvis, 1937]. The first method obviously 
allows only relative changes rather than absolute values of pressure to 
be followed. The second method permits of recording actual pressures, 
but has the disadvantage of relative complexity. 

The chief difficulty in the second method, that of utilizing the 


pulsation passing beneath the cuff to activate an inlet valve which 


admits pressure to the cuff, may be circumvented by employing optical 
and electrical activation of an electromagnetic valve by very minute 
pulsations, making practicable the registration of blood pressure in such 
small members as the digits. 

The apparatus consists essentially of an automatic bie ee for 
maintaining pressure in an inflatable cuff of a suitable size to encircle 
the member in which the arterial pressure is to be recorded. Air at 
about 400 mm. Hg from a constant-pressure tank is admitted to the 


cuff through an electromagnetic valve, the construction of which is 
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shown in Fig. 1. This valve is actuated by pulsations passing under the 
cuff in the following manner. A glass plethysmograph is fitted to a digit 
distal to the cuff, and is connected to a sensitive tambour bearing a light 
mirror. This reflects the image of an illuminated narrow slit on to a 
photoelectric cell at a distance of 2m. This image is also recorded on 
a moving film so that the correct functioning of the actuating mechanism 
is continuously controlled and permanently — 
recorded. A leak is introduced into this 
system to allow the tambour to reflect only 
the pulses, while slow changes in volume are 
permitted to leak off, keeping the base-line 
constant. By adjusting the position of the 
cell on its movable carriage so that the light 
falls on to it only when a pulsation deflects 
the mirror, a small electrical current can be 
generated at each pulse beat. This is amplified 
by a suitable valve amplifier to a value 
adequate to close a sensitive relay which in 
turn momentarily closes the circuit through 
the electromagnetic valve and briefly admits 
air to the cuff. This cycle is repeated until the Pee ee 
pressure in the cuff just exceeds systolic blood Inches 

pressure, when pulsation below the cuff ceases ge, Electromagnetic valve. 
and no further air is admitted through the [he hatched portions. at 
valve. A slow leak from the cuff allows the iron. Anironcap surrounding 
pressure to fall below the systolic level, when ith 
pulsation reappears and more air is admitted ee the 
through the electromagnetic valve. Thus the men the lout is broken, 
pressure in the cuff automatically maintains bent: 

itself within a few millimetres of Hg of the of ee ce tae inlet 
systolic value, being automatically increased 
as soon as the slow leak lowers it to a level at which pulsations pass 
beneath it. | 


The amplifier employed is a resistance-capacity coupled one employing 


pentodes, and the photoelectric tube a gas-filled “Citron” with a 
persion of 100 mA./lumen, which in turn energizes the electromagnetic 
ve. 
In practice it is advisable so to adjust the slow leak from the cuff and 
the opening from the valve to the cuff that about every third pulsation 
passes under to actuate the valve. This is best accomplished by screw 
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clamps on the appropriate rubber tubes, the positions of which are 
apparent in Fig. 2. 

The pressure in the cuff may conveniently be recorded on a moving ~ 
film by connecting it with a tambour bearing a mirror, using the same 
optical system as for the actuating tambour. A mercury manometer 
placed in the system gives a convenient indication of the pressure for 
observation or calibration at any time. 


_ Fig. 2. Legend. A, valve amplifier; BP, sphygmomanometer cuff; C, condensing lens; 


L,, inlet adjustment to electromagnetic valve; L,, inlet adjustment to cuff; L,, leak 
from cuff; L,, leak from actuating tambour; LE, lens; LS, light source; PB, pressure 
bottle, 400 mm. Hg; PL, glass plethysmograph; PE, “Citron” photoelectric cell; 
R, sensitive relay; S, slit; SO, solenoid; T,, blood-pressure tambour; 7’,, actuating 
tambour; V, electromagnetic valve; G, pressure gauge. 


For recording pressure in the arm, wrist or ankle an ordinary 
sphygmomanometer cuff is quite suitable. For digital pressures Gaertner’s 
cuff may be used, provided it is wide enough to obliterate pulsation at 
systolic pressure. In practice, such a cuff 2-5cm. in length has sate 
found satisfactory. 

In any system such as this, it is sivions that movement of the 
subject must be reduced to a minimum, as the actuating tambour 
cannot discriminate between volume changes due to pulsation and those 
due to extraneous movements. This requirement is not so unduly strict, 
however, as to limit the use of the method to a specially trained subject. 

The use of a plethysmograph on a digit is quite satisfactory as an — 
actuating device when the subject is in a state of moderate digital ‘eng 
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dilatation, but when cold and constricted the pulsations in the fingers 
are so reduced as to make them unsuitable for this purpose. Under these 
- conditions a glycerine tambour sphygmograph may be placed over a 
large artery below the cuff. When it is desired to take a digital pressure 


B.P. tracing Rt. arm 120 
100 
— He 
80 
60 
Base-line 


Fig. 3. Changes in systolic blood pressure during a deep inspiration held, recorded by means | 


__ of the apparatus and determined by auscultation. The line entitled “Pulse R.F. 3” 

_ tdhows the deflexions of the activating tambour. In the respiratory tracing the down 
stroke indicates inspiration for all tracings. The appended scale gives the calibration 


B.P. tracing Rt. arm, 3 
B.P. auscult. Lt, 
Base-line 
Fig. 4. Changes in systolic blood pressure following mental exercise, a problem being given 


the subject at the point indicated by the long dash in the signal line. A secondary — 


rise in pressure followed the subject’s giving what he recognized to be the wrong 


answer. R.T.1 recorded volume of the t gi toe 
set o right great toe. The arrow indicates the 


with the hand or foot cold, the tip of this digit alone can be locally 
heated by a special water-jacketed plethysmograph without affecting the 
other digits. Pressures may be recorded continuously for about 5 min. 
in the arm before discomfort necessitates deflation of the cuff for a short 
period, while at the ankle 20 min. may be tolerated, and in the digits an 
indefinite period. These times apply when the subject is in a state of 
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peripheral vasodilatation. When in a state of vasoconstriction they may 
be greatly exceeded without discomfort. 
The accuracy of the method in following changes in blood pressure 


was checked by two procedures. First, pressure was recorded by this 


method in one arm, and simultaneously taken by the usual auscultatory 
method as frequently as possible in the other arm. Figs. 3 and 4 show 
the close coincidence of the values by the two methods. Secondly, 
during the recording of pressure from the upper arm by the automatic 


Blood pres. Rt. arm -120 
mm. 
100 
Hg 
—60 


Base-line 

Fig. 5. Changes in systolic blood pressure during a deep inspiration held. The dots in the 

signal line indicate Korotkow’s sounds heard in the cubital fossa. These are seen to _ 

correspond quite well with the pulsations recorded in R.F. 3, which actuate the valve 

to admit pressure to the cuff. Upper signals indicate when sound was heard over 
brachial artery. 


_ method, an observer listened with a stethoscope over the brachial artery 


in the cubital fossa and sfgnalled on the record when the Korotkow’s 
sounds were heard. Fig. 5 shows that the sounds coincided well with 
deflexion of the activating beam and admission of air to the cuff. These 
results indicate that this method is a valid one for recording systolic 
blood pressure and that it rapidly follows changes in this pressure. 


Our sincere thanks are due to Dr E. Arnold Carmichael for helpful criticism during the 
course of this work. 

The work was carried out during the tenure of a Halley Stewart Research Fellowship 
by Dr Doupe, of a Rockefeller Foundation Fellowship by Dr Newman, and of a Fellowship 
from the American College of Physicians by Dr Wilkins. 
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THE EFFECT OF PERIPHERAL VASOMOTOR 
ACTIVITY ON SYSTOLIC ARTERIAL PRESSURE 
IN THE EXTREMITIES OF MAN : 


By J. DOUPE (Winnipeg), H. W. NEWMAN ‘(San Francisco) 
anp R. W. WILKINS (Baltimore) 


_ From the Research Unit, National Hospital, Queen Square, London 
(Received 25 July 1938) 


THE purpose of this communication is to demonstrate that systolic 
arterial pressure in the extremities may show considerable variations 
as the result of local vasomotor changes, and that such variations in 
peripheral pressure are independent of and at times opposite to alterations 
in systemic pressure as measured in more central arteries. It will be 
shown that alterations in th¢/blood flow in the extremities are responsible 
for these phenomena. 
METHODS 

The blood pressure has been determined by several methods. Inter- 
mittent measurements of arterial pressure were taken in the upper arm 
and occasionally in the forearm by the ordinary auscultatory method, 
using @ mercury manometer. Intermittent measurements of systolic 
arterial pressure in the fingers were made by Gaertner’s method. This 
consists of slowly lowering the pressure in a cuff placed around a digit 
previously rendered bloodless by an elastic band. The pressure in the 
cuff when the first flush of the returning blood is seen is reckoned as 
the systolic pressure at the site of the cuff. In several experiments more 
exact intermittent. measurements of systolic arterial pressure were 
obtained and recorded by a plethysmographic method as follows: 
A plethysmograph was fitted to a digit and a blood-pressure cuff applied 
above at the point where it was desired to estimate systolic pressure. 
Air at greater than systolic pressure was suddenly introduced from a 
pressure tank into the cuff, occluding the circulation and stopping all 
pulsations below it. The pressure in mm. Hg within the cuff and the 
digital volumetric changes were continuously recorded on moving 
bromide paper by means of an optical system. Pressure was allowed to 
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leak gradually from the cuff until an increase in volume of the digit 
commenced. The pressure within the cuff at this instant was taken as 
the systolic arterial pressure at the point of application of the cuff 
(Fig. 9). This method will be referred to as the “ plethysmographic 
method”. Continuous measurements of systolic arterial pressure were 
made by the method of Doupe, Newman & Wilkins [1939], which allowed 
the detection of rapid changes. Measurements of arterial pressure by 
whatever method were always made with the part at heart level. 

Temperature of the fingers was taken by means of constantan- 
copper thermojunctions placed on the finger tips. Records of the changes 
in finger volume were obtained and optically recorded by the method of 
Bolton, Carmichael & Stiirup [1936]. Blood flow in the finger was 
measured by a modification of the method of Hewlett & Van Zwaluwen- 
burg [1909]. Blood flow in the forearm or calf muscles was taken by a 
similar method, while the circulation in the hand or foot was excluded 
by a cuff at the wrist or ankle inflated to 200 mm. Hg. The subjects on 
whom this study was made included nine normal young males and one 
patient with a cervical stellate ganglionectomy performed for other than 
vascular disease. The subjects sat or lay lightly covered in a draught-free 
room which was maintained at a constant temperature (+1°C.). Reflex 
dilatation of the blood vessels in the hands and feet was produced by 
immersing indifferent limbs in water at 45°C. Constriction of the 
peripheral blood vessels was produced by leaving the subject uncovered, 
or by immersing the indifferent arm or leg in water at 20-25° C. When 
a subject was warm and the digital vessels dilated, brief reflex digital 
vasoconstrictions were induced by the application of ice or pin-pricks to 
an indifferent area, the solving of a mental problem or the taking of 
a deep breath. It had previously been shown that these stimuli were 
effective and that the vasoconstriction was the result of impulses in the 
sympathetic nerves [Stiirup, Bolton, Williams & Carmichael, 1935). 
Dilatation of the blood vessels in the muscles was induced by exercise of 
the muscles under observation. The forearm muscles were exercised by 
repeatedly squeezing a sphygmomanometer bulb, those of the whole arm 
by flexing and extending the arm while holding a heavy sand-bag, and 
those of the legs by a bicycling exercise while lying supine. 


RESULTS 
Effect of vasodilatation on digital systolic pressure. The following 


experiments were carried out to determine first the pressures in the 


brachial and digital arteries during the state of vasoconstriction and 
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then after vasodilatation of the peripheral vessels had been obtained by 
immersion of the indifferent limbs in water at 45° C. This procedure of 
immersion is known to result in widespread peripheral vasodilatation. 
This was done on seven occasions in three individuals, using the three 
different methods to obtain the systolic pressure. It was found that the 
systolic arterial pressure measured in the arm and in the finger was 
approximately the same at the start of each experiment, at which time 
the peripheral vessels were constricted. Following the vasodilatation the 


digital systolic pressure was found to fall by 20-30 mm. Hg, while s 


brachial arterial pressure remained fairly constant. The results are shown 
in Table I. 
TaBxez I. Systolic arterial pressure in mm. Hg 


Subject cold Subject warmed 
Exp. no. Upperarm Digital Difference Upperarm Digital Difference 
1 125 125 0 130 110 ~20 
2 120 120 0 118 98 ~20 
3 105 106 +1 106 68 ~38 
4 108 100 -8 110 80 ~30 
5 104 98 -6 102 80 22 
6 100 103 +3 101 80 ~21 
7 105 104 -1 110 90 ~20 


To determine the time relationship of these changes in digital arterial 
pressure to the peripheral vasodilatation the following experiment was 
carried out. With the subject in a cold state and the peripheral vessels 
constricted measurements of systolic arterial pressure in one upper arm 
and in a finger of the opposite hand were taken, The skin temperature 
of an adjacent finger was recorded and from a third alterations in blood 
flow observed. At the beginning of the experiment the fingers were cold 


and the blood flow was at a minimum, and at this time systolic arterial — 


pressures in the finger and in the upper arm were essentially the same. 
The legs were then immersed in tanks of water at 45° C., which 12 min. 
later caused vasodilatation of the digital vessels. This was shown by a 
marked increase in finger temperature and blood flow. With the dilatation, 
digital systolic pressure fell progressively below the brachial, and when 
the maximum dilatation had been reached was some 20 mm. Hg below 
the brachial. The legs were then transferred to tanks of cold water, which 
caused body cooling. Digital vasoconstriction followed immediately, as 
shown by the fall in finger temperature and finger blood flow. Further, 
with the peripheral vasoconstriction the digital pressure became nearer 
to the brachial. These pressures were estimated by the plethysmographic 
method. Fig. 1 illustrates graphically the sequence of events. 
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o~ 


Room and skin temperature 


c.c./min./10 of finger 


7 Fig. 1, Graphic record of systolic pressures in right upper arm (solid line) and in right 

’ middle finger (interrupted line), of temperature of right ring finger, and of blood flow : 
in right forefinger (calculated in c.c./min./10 c.c. of finger volume). At zero time, 

subject’s legs were placed in water at 45°C. Arrow indicates when legs were taken | 

out of hot water and subject was uncovered. | | 
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Effect of transient vasoconstriction on systolic pressure in the digits and 
upper arm. In the experiment recorded in Fig. 1 it has been shown that 
when the peripheral vessels, already in a dilated state, are constricted 
over a prolonged period by immersion of the legs in cold water, the 

, digital systolic pressure rises to that in the upper arm vessels. It 
therefore seemed advisable to determine the effect of a transient vaso- 
constriction of vessels in a dilated state upon the systolic pressure in 
the digit and upper arm. Accordingly the peripheral vessels were dilated 
by the immersion of the indifferent limb in tanks of water at 45° C., and 
during this period a variety of stimuli known to produce transient 
vasoconstriction of the digital vessels, such as the application of ice or 


Pulse 3.2.6 
Resp. 


hatin 


B.P. R.F.4 


Base-line 

Fig. 2. Record of systolic pressure in right ring finger (B.P.R.F. 4) and of volume of right _ 

forefinger (R.F. 2). Arrows indicate direction of increase of volume: in respiratory 

record downward stroke is inspiratory phase: appended scale gives calibration in 

mm. Hg of arterial pressure tracing: these are the same for all records. Subject 
warmed and peripheral vessels dilated. Ice to right thigh at signal. 


pin-prick to the skin of the trunk, were given. The effects of such stimuli 
during the early constricted state and during the dilated state were also 
compared. When cold there was already marked digital vasoconstriction, 
as shown by minimal pulsations in the plethysmographic tracing from 
a finger. As a result of the stimulus no further vasoconstriction occurred, 
and there was hardly any change in systolic pressure in the finger or 
arm. The subject was then warmed and the digital vessels became 
dilated, as shown by the marked increase in the size of pulsations. 
During the warming and digital vasodilatation the systolic pressure in 
the finger fell some 20 mm. Hg. When the vasoconstricting stimulus was 
now given there was a marked decrease in the size of pulsation and 
volume of the finger, and simultaneously a rise in digital systolic pressure. 
As the transient constriction following the stimulus passed off the digital 
arterial pressure fell to its previous level (Fig. 2). Fig. 3 is a record of the 
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effects of such a stimulus, showing in addition a simultaneous tracing of 
brachial systolic pressure measured in the opposite upper arm. Again, 
contemporaneously with the vasoconstriction, digital systolic pressure 
rose towards the brachial pressure, which remained essentially unchanged. 
In seventy instances on five subjects it was never possible to produce 
a good digital vasoconstriction by these stimuli without a rise in digital 
systolic pressure. It thus appears that a transient constriction of the 
digital vessels produced by a sensory stimulus may result in a rise in 
digital systolic pressure without a corresponding rise in the brachial 
pressure. 


Pulse 
Resp. & R.F.2? 120° 
| mm. 
B.P. Lt. arm f-100 
\ He 
BP.RF.4 80 
Base-line 


_ Fig 3. Record of systolic pressures in right ring finger (B.P.R.F. 4) and left upper arm 


(B.P.L. arm), and of volume of right forefinger (R.F. 2). Subject warmed and peri- 
pheral vessels dilated. Pulse tracing in left middle finger (pulse L.F. 3) shows pulse 
waves which actuated mechanism for recording arterial pressure in left upper arm. 


Ice to thigh at signal. 


In occasional instances with the subject warm and the peripheral 
vessels in a dilated state a stimulus such as ice or pin-prick may cause 
not only a rise in digital systolic pressure but also a rise in brachial 
systolic pressure. The rise in the brachial arterial pressure, however, was 
never of the same magnitude as found in the digital pressure. Further, 
it was observed by adjustment of the severity of the stimulus that marked 
digital vasoconstrictions could easily be produced without a rise of 
brachial systolic pressure. 

The relationship of the rise in digital arterial pressure to the decrease 
in digital blood flow following a stimulus is shown in Fig. 4. In this 
experiment the actual blood flow was determined simultaneously with 
digital systolic and brachial systolic pressures. The steepness with which 
the blood-flow curves rise from the horizontal is a measure of the rate 
of flow to the finger. After the stimulus, which produced transient 
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vasoconstriction, there was a marked decrease in flow, and simultaneously 
a rise in the digital arterial pressure toward the brachial pressure. From 
these observations it is apparent that the transient vasoconstriction with 
which is associated a rise in digital systolic pressure is — by 
a marked diminution in blood flow to the finger. 


120 
B.P. Rt. arm 


B.P. L.F.3 
Blood flow L.F.2 
Pulse L.F.3 


— 


Calculated 74 25 £8 
c.c./min./10 ¢.c. 


Fig. 4. Record of systolic pressures in left middle finger (B.P.L.F. 3) and right upper arm 
(B.P.R. arm) and of blood flow determinations in left forefinger (blood flow L.F. 2). 
Subject warmed and peripheral vessels dilated. Lower signal indicates time during 
which venous outflow of blood from left forefinger was obstructed by cuff inflated at 
less than diastolic pressure. Rate of blood flow indicated by steepness of rise from 
horizontal. Figures below give blood flows calculated in ¢.¢./min./10 c.c. finger 
volume. Ice to right thigh at upper signal. 


Effect of deep breath on digital and brachial systolic pressures. It has 
previously been shown [Bolton et al. 1936] that a reflex digital vaso- 
constriction occurs following a deep thoracic inspiration. The decrease 
in digital volume and in the size of pulsation follows about 3 sec. after 
the rapid inspiratory phase. It is not dependent upon the direct effects 
of the respiratory movements, but is a true autonomic reflex, for it fails 
to appear in the sympathectomized limb, while it appears in the normally 
innervated digits. It is also known that with a thoracic deep breath 
there may be a fall in brachial systolic pressure. It was therefore of 
interest to determine the direction of the changes in digital pressure 
following upon a deep breath. 

Experiments demonstrated that the effect of such a deep breath on 
the digital systolic pressure was to produce a rise coincident with the 
vasoconstriction. In other experiments it was found that the effect of 
a deep breath on the brachial systolic pressure was to produce a fall 
coincident with the vasoconstriction in the digital vessels. Similarly it 
was possible to show that a rise in digital pressure with digital vaso- 
constriction oe" in the toes after a deep breath, and that simul- 
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taneously a fall in arterial pressure measured in the calf may occur. 

That the rise in digital pressure after the stimulus depended upon 
simultaneous vasoconstriction was shown in a case with a right cervical 
sympathectomy which abolished all reflex vasoconstrictions in the right 

arm and hand. A deep breath, which was followed by a typical vaso- 
constriction in the digits of the other limbs, failed to raise the digital 
arterial pressure in the right hand, but was followed by a fall in pressure : 
of the same degree as occurred in the brachial artery. 


Resp. & RF.2t 
B.P. Lt. arm 
| B.P. R.F.4 gs 


Base-line 
Fig. 5. Record of systolic pressures in right ring finger (B.P.R.F. 4) and left upper arm 
(B.P.L. arm), and of volume of right forefinger (R.F. 7" Subject warmed and peri- 

_ pheral vessels dilated. Deep breath at signal. 


? To determine the relationship of these apparently paradoxical 
| changes to each other, simultaneous records were taken of the changes 
in systolic pressure as recorded from the finger and upper arm (Fig. 5). 
With the digital vasoconstriction, digital systolic pressure already below 
the brachial rose to meet the level of the brachial pressure which was 
; simultaneously falling. If the brachial arterial pressure was made to fall 
to an even lower level as after a deep held inspiration (Fig. 6), the 
digital pressure after first rising to meet the brachial also fell; but so 
long as the vasoconstriction was maintained, the digital systolic pressure 
approximated the brachial pressure. As the vasoconstriction resulting 
from the deep breath passed off, the brachial pressure resumed its higher 
level and the digital pressure its previous and relatively lower level. 
From these experiments it appeared therefore that the fall in brachial 
arterial pressure was independent of changes in the limb’s peripheral 
vascular bed. This was further clearly shown in an experiment in which 
the circulation to three limbs was cut off entirely as near to the trunk as 
possible by means of cuffs blown up to a pressure of over 200 mm. Hg. 
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The fourth limb, an arm, was used to record the blood pressure from 
the upper arm. As the cuff on this arm was blown up to the region of 
systolic pressure and the circulation intermittently entirely cut off, it 
may be assumed that changes in the vascular bed distal to this cuff 


- . would be unlikely to affect the systolic pressure registered in the upper 

« , arm, With the subject so arranged the taking of a deep breath caused 
> ¢@-fall in systolic pressure registered in the upper arm. This experiment 
~\© indicates that the cause of the fall of brachial arterial pressure following 


a deep breath is independent of the peripheral vascular bed in the limbs. 


\ 
Resp. & R.F.27. 
| 100 
Lt. 
B.P. Lt. arm ; Hg 
B.P. R.F.4 i ~80 
Base-line 


Fig. 6. Record of systolic pressure in right ring finger (B.P.R.F. 4) and left upper arm 
(B.P.L. arm), and of volume of right forefinger (R.F. 2). Subject warmed and peri- 
pheral vessels dilated. Deep breath held throughout time of signal. 


Sec. & signal —> ++ [40 
Resp. & L.T.1f 120 
B.P. Lt. arm 
Hg 
B.P. R.F.4 
Base-line 


Fig. 7. Record of systolic pressure in right ring finger (B.P.R.F. 4) and left upper arm 
(B.P.L. arm), and of volume of left great toe (L.T. 1). At signal circulation to other 
four fingers of right hand occluded by 200 mm. of air pressure applied to cuffs around 
the proximal phalanges. 


Effect of sudden occlusion of digital circulation on systolic pressure in 
the digits. In three individuals the following experiment was done to 
mimic the effects of peripheral vasoconstriction. Digital systolic pressure 
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remained the same. Fig. 8 is a graphic Cte. ee 
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was taken from one finger. The other four fingers of the same hand were 
encircled at their bases by Gaertner’s cuffs, which could be instantly and 
simultaneously inflated to 200 mm. Hg. Fig. 7 shows the results of such 
an experiment. At the signal the four cuffs were inflated and the systolic 
pressure in the remaining finger immediately rose toward the pressure — 
in the upper arm. That the inflation of the cuffs was not a stimulus to 
digital vasoconstriction was shown by the steady volume of the toes, 
which have been shown to be even more sensitive than the fingers to 
vasoconstrictor stimuli [Doupe, Robertson & Carmichael, 1937]. 

Effect of vasodilatation in muscle on systolic pressure in the limbs. Five 
experiments were carried out to determine if changes in blood flow in 


Taste II. Systolic arterial pressure in mm. Hg 


At rest After exercise 
Proximal Distal "Proximal Distal 
Exp. no. to muscles to muscles Difference to muscles to muscles Difference 
8 110 110 0 120 110 -10 
9 130 130 0 130 110 - 20 
10 110 108 -2 122 104 -18 
1] 122 122 0 128 115 -13 
12 112 109 -3 114 90 — 24 


the limbs elsewhere than the digits could affect the peripheral blood 
pressures. Table II records the results 
of these experiments. Dilatation in 
a muscle group was produced by 
exercise, During the control period 
before exercise the systolic arterial 
pressuresobtaineddistaltothe muscles 120 
were essentially equal to the pressures : 
in the same or another limb measured a; 110 
proximally. Afterexercise,thearterial 
pressures distal tothe exercised muscles 
became some 10-25 mm. lower than 
the proximal pressures which rose or 
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100 


record of such an experiment showing Minutes 

the effects of exercise of the arm Fig. 8. Graphic record of systolic pressure 
muscles on the systolic pressures at 
the wrist on the same side and at the forearm was vigorously exercised 
upper arm on the opposite side. 


Before the exercise the two pressures were practically identical. 
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Immediately after the exercise brachial arterial pressure as measured on 
the opposite side had risen, but the arterial pressure at the wrist below 
the dilated muscles remained nearly as before, and was now some 20 mm. 
Hg below the brachial pressure. Brachial pressure then gradually fell 
while pressure at. the wrist rose, but more slowly, thus approaching 
closer and closer to the brachial pressure. In some experiments both 
-- --—someasurements were made on the same side with the same results, 
whether done plethysmographically, as these were, or by the other 
methods. Determinations of the blood flow to the muscles of the 
forearm or of the calf showed after exercise an increase of from 15 to 
20 times its resting level. 


Sec. 


Resp. ‘ 


Pressure cuff 
Rt. & Lt. ankle 


L.T.1? 
R.T.1f¢ 


Base-line 


Control After exercise 


Fig. 9. Record of pressure in cuffs around right and left ankles, and of volume of right and 
left great toes (R.T.1 and L.T. 1), before and after vigorous exercise of right leg. 
Arrows on record show when volume of toes increased, level 
was reached in respective cuffs. 


Fig. 9 demonstrates typical photographic records of the oe, 
graphic method obtained in the legs before and after exercise of one leg. 
In this case there was not so great a rise in systemic pressure, the 


principal change after exercise being the fall in the pressure distal to 
the exercised muscle. 


Discussion 
All the methods used in this investigation for estimating systolic 
pressure involve the occlusion of the arteries and the cessation of arterial 
flow distal to that point. So-called “flow pressures” with the peripheral 
circulation intact can be established by inserting into an artery a needle 
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of sufficiently small size so as not significantly to impede the flow. 
Whether this method affords enough additional information in large 
arteries to warrant its not inconsiderable risk is open to question. In 
small arteries it is practically impossible to use the method. — 

The occlusion measurements reveal the potential arterial pressure 
available at the point of the occlusion. They must be at least slightly 
higher than flow pressure, since outflow distal and the gradient resulting 
from it have been eliminated. When there is a negligible outflow of blood 
from an arterial tree, flow pressures and occlusion pressures should be 
practically equal to each other and the same throughout the course of 
the artery and its branches. On the other hand, when outflow of blood 
is large at a certain point, due to diminished peripheral resistance, flow 
pressures in the branches through which the major portion of the blood 
is draining will be lower than occlusion pressures. Measurements of 
pressure taken by the occlusion method will show the decrease only if 
taken at sites below the point of outflow. These considerations explain 
the experimental observations discussed below. . 

Grant & Pearson [1938] have shown, and we have confirmed their 
observations, that on simple body warming, the principal sites of vaso- 
dilatation and increased blood flow in the extremities are the hands and 
feet. The blood flow to the digits may increase by as much as 100 times 
its previous amount [Wilkins, Doupe & Newman, 1938]. If the hands 
and feet are excluded from the circulation by pressure cuffs at the wrists 
and ankles, the increase in blood flow to the arms and legs after body 
warming is negligible. However, during and for some minutes after 
muscular exercise there is a great increase in flow to these parts. It has 
been shown that while the flow is greatest the systolic arterial pressure 
measured by occlusion distal to the dilated muscles becomes considerably 
lower than the pressure measured above. 

On body warming alone, however, occlusion pressures in the limbs 
remain essentially equal at points as far down as the wrists and ankles. 
Only at the digits has it been possible to show a considerable drop in 
occlusion pressures. Since the circulation to the digits is by a series of 
branches from the palmar arches, the measurement of pressure in a single 
digit should approximate flow pressures in these arches. This is especially 
so as the circulation in one digit represents less than one-fifth of the totdl 
hand or foot circulation. 

A lower systolic pressure in the digital arteries than in the brachial 
has been reported by Cohn & Lundsgaard [1918], who also stated that 
Doleschal[1900] and Hayashi[1901] had made similar observations. These 
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papers have not been available to us. Cohn & Lundsgaard themselves 
found fluctuations in the digital arterial pressures which had no counter- 
part in the brachial pressure and they attributed this to changes in 
vasomotor tone. Wishart [1933], paying particular attention to the state 
of the peripheral vessels, found that when the digital vessels were dilated 
the difference in systolic pressure between the wrist and digital arteries 
was approximately 20 mm. Hg. This agrees with the results reported 
above. However, when the peripheral vessels were in the constricted 
state, Wishart found the difference to be 40mm. Hg. This finding 
conflicts with the present observations and may be explained by the 
difficulty encountered by Wishart in determining the systolic pressure 
in the digits when the peripheral vessels were constricted, or by the fact 
that Wishart was measuring pressure in vessels distal to the arterioles. 
Oppenheimer & Prinzmetal [1937] using Gaertner’s method found that 
in normal people digital pressures averaged 29mm. lower than arm 
pressures. | 


A rise in digital arterial pressure with vasoconstriction and decreased — 


flow in the hand has been demonstrated with the brief reflex 
ere. teats resulting from various stimuli given when the vessels 
of the digits-were previously dilated. That these reflex vasoconstrictions 
are accompanied by temporary decreases in blood flow to the digits to 
as much as one-twentieth of the previous level has been pointed out else- 
where [Wilkins e¢ al. 1938]. The association between the decrease in 
blood flow and the rise in digital pressure was shown in Fig. 4. That this 
rise in digital pressure is actually due to the change in blood flow is 
supported by three considerations. First, with the hand cold and blood 
flow already so small that any further vasoconstriction could not 
significantly change it, the stimulus failed to produce any alteration in 
digital pressure. Secondly, no rise in digital pressure occurred when 
digital vasoconstriction was abolished by sympathectomy; and thirdly, 
the digital pressure could be raised in the absence of a vasoconstriction 
by the occlusion of the circulation to the other four digits. 

These observations seem to bear pertinently on the subject of arterial 
pressure in peripheral organs where the blood flow may be considerable 
and variable. That changes in peripheral blood flow can alter significantly 
s¥stolic arterial pressure locally has been demonstrated. The fallacy of 


attempting measurements of systemic arterial pressure in such peripheral 
arteries without regard to these local variations perhaps needs emphasis. 


The experiments indicate that in man, at least, systemic arterial pressure 
should be measured in large arteries as centrally as feasible. 
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These experiment also throw light on the effects of local physiological 
or pathological narrowing of arteries in areas where previously there had 
been a large flow of blood. By raising the pressure in adjacent side 
branches, such a narrowing, might result in an increased flow in that 
direction or in furthering the development of collateral circulation. On 
the other hand, too sudden a change, as in an abrupt occlusion, might 
increase the strain in side branches incapable of bearing it, and result 
in rupture or haemorrhage. 


SUMMARY AND CONCLUSIONS 
Measurements of systolic arterial pressure made proximally and 


distally in a limb are essentially equal so long as the blood flow is small. 


Vasodilatation in a limb is followed by a lowering of systolic arterial 
pressure measured distal to the site of maximal outflow compared with 
the pressure measured proximally. — 

Contrariwise, vasoconstriction in a previously dilated area is followed 
by @ rise in systolic pressure measured distally towards the pressure 
measured proximally. | 

A lowering of systemic pressure as measured proximally in a limb | 
may occur coincidentally with a rise distally, provided that there is a 
simultaneous peripheral vasoconstriction, and that the systemic pressure 
is not lowered too greatly. 


Our sincere thanks are due to Dr E. Arnold Carmichael, under whose direction this 
work was performed. 
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ACETYLCHOLINE CONTENT OF UTERI BEFORE AND 
AFTER ADMINISTRATION OF OESTRIN 
TO OVARIECTOMIZED RABBITS 


By SAMUEL R. M. REYNOLDS" 
From the Department of Anatomy, School of Medicine and Dentistry, 
The University of Rochester, N.Y, 
| (Received 12 September 1938) 
Ir is well known that administration of oestrin to ovariectomized 
rabbits causes hyperaemia of the uterus beginning some time between a 
few minutes and an hour after injection [Markee, 1932; Pompen, 1933]. 


- The cause of this response is not understood ; it might be attributed to the 


effect of oestrin upon the metabolism of the uterus, were it not a fact that 
the initial hyperaemia reaches its peak before the level of oxygen con- 
sumption of the uterus has begun to be raised appreciably by the treat- 
ment [MacLeod & Reynolds, 1938; Reynolds, 19386]. The vasodilatation 
is not therefore an indirect effect of the hormone attributable to an 
elevated uterine metabolism, and another cause must be sought. 
Pertinent to this observation is the further fact, established by visual 
observation of the uterus through abdominal windows in unanaesthetized 
rabbits [Pompen, 1933], that the initial vascular effects of oestrin may be 
inhibited by injection of atropine sulphate. According to current con- 
cepts of the nature of the action of atropine, this means that the effect 
may be due to acetylcholine, since the action of this substance on certain 
tissues is characteristically blocked by atropine [Dale, 1938; Cannon & 
Rosenblueth, 1937]. For this reason, the present experiments were 
carried out to measure the acetylcholine content of uteri before and after 
administration of oestrin [Amniotin, Squibb, 100-400 1.v./kg. body wt.] 
to ovariectomized rabbits. The hormone was carried in oil. Since the 
quantity of extract obtainable from any one uterus is small, it was 
necessary to compare assays made on several groups of rabbits. 


? Fellow of the John Simon Guggenheim Memorial Foundation. 
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PROCEDURE 


The rabbits used were of mixed stock, purchased on the open market. 
Each animal was isolated for a period of three or more weeks prior to the 
operation of bilateral ovariectomy. The rabbits were not used for the 
experiment until 17-32 or more days post-operatively, with the exception 
of one rabbit used on the 8th day and another used on the 14th day. 

Some uteri were obtained for extraction after killing the rabbits by 
concussion, others after killing by intravenous injection of air, and a few 
uteri were obtained under nembutal anaesthesia. The manner of killing 
the rabbit did not appear to affect in any way the subsequent results. 
The uterus was removed quickly through a long abdominal incision. It 
was held by means of forceps clamped on the Fallopian tubes. As the 
uterus was elevated it was freed cleanly from the mesometrium down to 
and including the cervices; the vaginal tissues were trimmed away. 
_ After making certain that the uterus was empty of fluid, it was weighed 

and placed in 10 % trichloracetic acid, 14-2 c.c./g. of fresh tissue. From 
this point on, the methods of extraction and testing were exactly those 
indicated by Chang & Gaddum [1933], with the exceptions noted below 
which were necessary because of the small amount of tissue available for 
each experiment. 


The uterus was finely minced in the trichloracetic acid, and allowed to stand for 2 hr. 
with frequent mixing (further mincing). After this the tissues were pressed in a mortar 
(this step not indicated by Chang & Gaddum) and filtered, in the process of which the tissues 
were washed with 7 % trichloracetic acid. The filtrate was then washed with ether three or 
four times until it was faintly acid to congo red. In about half the experiments the filtrate 
was kept overnight in a refrigerator at this point, while in the remaining experiments the 
extractions were continued and completed the same day. No difference could be detected 
between the two groups in the subsequent tests. The next step was evaporation at 38- 
40° C. under reduced pressure, to a concentration of 2/10-5/10 c.c. of fluid per g. of the 
original tissue. Chang & Gaddum recommend evaporation to the point where 1-10 c.c. of 
fluid remain for each gram of tissue. With one or two exceptions it was found in the early 
work that negative results were usually obtained when the more dilute extracts were 
employed, but upon further evaporation, activity could be demonstrated as described 
below. After evaporation the extract was again made just acid to congo red and the 
volume of fluid ascertained by taking it up in a syringe. The ultimate concentrations used 
are shown in Tables I-III. 

Testing of the extracts was limited to the frog’s rectus abdominis muscle because it 
appeared to be, in all but one or two experiments, sufficiently sensitive (when eserinized, 
responses to 0-06-0-1 ug. were obtained, the bath had a capacity of 18 c.c., the lever magni- 
fication was 1:10 and the lever load was 3g.). Known dilutions of actylcholine were 
employed in decreasing amounts exactly as recommended by Chang & Gaddum, that is to 
say, the agent was left in contact with the muscle for 3 out of every 10 min. and the 
chamber washed twice with Ringer-Locke solution between times. When eserine was used, 
2 c.c. of 0-1 mg./c.c. of solution were used. All solutions were made fresh daily. In some of 
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the experiments, a series of graded responses was obtained by graded dosages of acetyl- 
choline, after which the activity of the unknown extract was tested (as in Fig. 2), while in 
other experiments, the series of responses to known quantities of acetylcholine was inter- 
spersed with tests of the unknown extracts (as in Figs. 1 and 3). In either case the amplitude 
and form of the response made it possible to estimate the acetylcholine equivalent of the 
extracts with a fair degree of accuracy. Only occasionally were aberrant responses obtained 
which were not classifiable as potassium, choline or acetylcholine types, as described by 
Chang & Gaddum. In only one instance, however, could a modified type of response be 
subjected to confirmatory tests specific for acetylcholine. In this case, potentiation of the 
response occurred with eserine, and the response could be prevented either by atropine or 


RESULTS 3 

Acetylcholine equivalent of the uterus of untreated rabbits. Of nineteen 
ovariectomized animals comprising this group, extracts from eight were 
tested upon the uneserinized rectus muscle. All tests except two were 
negative in dosages ranging from the equivalent of $ g. of fresh uterine 
tissue in 0-3 c.c. of extract, to the equivalent of 1:35 g. in 0-36 c.c. of © 
solution. Of the two extracts which were active, one showed an 
acetylcholine equivalent of 0-2ug./g. of fresh uterus, and one gave a 
value equivalent to 5yg./g. of fresh uterus. The latter is clearly a tech- 
nical error, however, since a larger amount of the extract was inactive on 
the eserinized preparation later. With this experiment counted as a 
probable negative one, thereforey-all but one of the eight extracts in this 
group yielded no evidence of an acetylcholine-like substance. 

On the eserinized preparations of the frog’s rectus muscle, thirteen 
of eighteen extracts tested (see Table I) were completely devoid of 
activity, and of the remaining five, three showed negligible activity. In 
one there was a trace of activity and in the others there was an activity 
equivalent to 0-03 and 0-08 ug. of acetylcholine per g. of fresh tissue. The 
remaining three extracts gave evidence of activity equivalent to 0-13, 
1-0 and 2-0,ug./g. of fresh uterus respectively. In no case in this group was 
there sufficient material for a single confirmatory test for acetylcholine, as 
there was in the following group. | 
Acetylcholine equivalent of uteri 1 hr. after oestrin. In this group of 
thirteen rabbits, eight of the uterine extracts were tested on the un- 
eserinized rectus muscle, and seven of these eight were tested subse- 
quently on the eserinized rectus muscle. In Table II it will be seen that 
six of the eight extracts showed an activity equivalent to 0-5-4-0yg. of 
acetylcholine per g. of uterus. One of the two inactive extracts, however, — 
was definitely active when tested later on the eserinized rectus muscle, 
while only one was negative throughout. Within 1 hr. of injection of 
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Tastz I. Acetylcholine equivalent content of uteri of nineteen ovariectomized rabbits. 
Extracts tested on rectus abdominis of frog 


Concen- Non-eserinized Eserinized 
Da, Dose Dose 
fresh Response g. fresh 
tomized uterus uterus jpg./g. uterus pe./g Remarks 
20 0-36 135 ca. 0-2 0-27 0 Sensitive ; 
0-27 0 i to 0-06 ug. 
20 0-90 15 0 1-5 0 See Fig. 1 
20 1-35 1-0 0 17 Trace  0-06yg. see Fig. 1 
20 0-90 1-0 0 1-5 0 See Fig. 
19 0-30 1-0 0 
2-0 0 
28 0-30 1-0 0 1-0 0 
28 0-30 0-66 5 1-0 0 Doubtless a technical error, 
test was 
| negative 
28 0-50 os 1-58 0-08 
22 0-42 os 1-07 1-0. 
22 0-71 — 1-0 0 
1-5 0 
22 0-35 2-0 0-13 
17 0-47 1-81 0-03 
17 0-33 — — 0-90 0 
21 0-42 10 0 2-77 0 
50 0-35 1-0 0 2-4 0 7 
: 0-37 — — 1-47 0 1 hr. after iniection of 
2 c.c. sesame oil 
19 0-22 oa --- 3-15 2 1 hr. after 4 c.c. sesame oil 
: ‘ Not a sustained response 
68 0-33 —_ 1-21 0 1 hr. after 4 ¢.c. seame oil 
23 0-27 2-0 0 Ihr. after 4 c.c. sesame oil 
3-0 0 


Fig. 1. Tests for an acetylcholine-like substance in extracts of uteri obtained from 
untreated, ovariectomized rabbits. Eserinized rectus abdominis muscle of frog 
used for the test. No. 10, 1-40.c.=1-5g. fresh tissue; no. ll, 2-6 c.c.=1-7 g. 

pe fresh tissue; no. 12, 1-4 c.c.=1-5 g. of fresh uterine tissue. See Table I and text for 


description. 
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- ‘Tastx II. Acetylcholine equivalent content of uteri of thirteen ovariectomized 
rabbits 1 hr. after injection of oestrin (100-400 1../kg. body wt.) 


c.c./g. 
Response g Response 
tomized uterus uterus  yg./g. Remarks 
14 0-16 1-2 16 
26 0-55 0-55 4 0-4 10 14g. inhibited by a 
| (see Fig. 2) 
27 0-50 10 1-5 0-8 — 05 
27 1-0 10 0-5 1-0 0-2 1 test, inhibition by atro- 
0-8 0-5 inhibition by 
OH. Eserine responses 
3x non-eserine ones (see 
Fig. 3) 
25 0-34 10 1-75 Trace 
1-5 1-0 
25 0-52 10 1-2 0 Relatively insensitive 
nse to 0-5 ug 
25 2-0 0 
18 0-18 13 0-2 
18 0-20 _ — 0-66 0-5 Atropine inhibition, 1 test. 
mi 
o-thirds 
24 0-50 0-5 10 test, inhibition by 
atropine 
27 0-32 1-0 2 10 0-2 1 test, inhibition by atro- 


. 1 test, inactivation by 
aQH. 1 test, complete 


inactivation by. blood 

27 0-50 1-0 2 0-6 0-25 

25 0-50 — — 2-0 0-5 Uterus transplanted to an- 
1-0 0-5 terior abdominal wall for 


2 days. 1 test, atro 
inhibition 
test, NaOH inactivation, 
successful 


oestrin, therefore, the presence of an appreciable quantity of an acetyl- 
choline-like substance may be detected in the uterus. This is not the 
result of the oil alone, since injection of 2-4 c.c. of sesame oil into ovari- 
ectomized rabbits is without effect upon the activity of extracts of the 
uterus prepared in the usual way (see last four tests in Table I). 
It was also ascertained that neither alcohol-soluble nor water-soluble 
oestrin had a detectable effect upon the eserinized rectus preparation 
when added directly to the bath. 

On the eserinized frog rectus muscle, all but two of the twelve extracts 
obtained from the thirteen rabbits in this group were active, being 
equivalent in activity to 0-2-1-0 ug. of acetylcholine per g. of fresh tissue. 
A striking and rather constant feature of these results is the fact that the 


AY 
al 
a 
4 
4 


é ACETYLCHOLINE CONTENT AFTER OESTRIN 263 


Fig. 2. Top, uneserinized rectus preparation. Extract prepared from uterus of a rabbit 
injected for 1 hr. with 100 1.v. of oestrin per kg. of body weight. 0-3 c.c. =0-55 g. of 
fresh tissue. Bottom, same preparation eserinized. Atropine inhibition of the equivalent 
of 0-9 g. of fresh tissue. 0-22 c.c. =0-4 g. fresh tissue demonstrating eserine potentiation 
of the response. See Table IT and text for description. 
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concentration of the acetylcholine-like substance of these extracts 
diminishes on standing, during the period of half an hour or more when © 
the frog muscle is eserinized. This may be attributable to the use of 
solutions which were a bit too alkaline (pH 4-5) and so unfavourable for 
the maintenance of acetylcholine. Even so, potentiation was clearly 
observed in each of the seven cases tested. This is exemplified in Fig. 2. 
Thus, on the uneserinized muscle, 0:3c.c. of extract (equivalent to 
0-55 g. of fresh tissue) gave a response of small amplitude (Fig. 2A, 
0-3 c.c.), whereas after eserinization (and inhibition of a response by 
atropine) 0°22 c.c. of extract (equivalent to 0-40 g. of tissue) gave a 
response about three times as great as the first one (Fig. 2B, 0-22 c.c.). 
This potentiation was characteristic of these experiments and is typical 
of acetylcholine. In a control experiment performed to test this loss of 
potency in the extracts it was observed that acetylcholine was partially 
destroyed on standing in the concentrated extract. Ostensibly, therefore, 
the loss of potency in the seven unknown extracts tested on the eserinized 
preparations was attributable to destruction of some of the active 
material, presumably acetylcholine, in the extract. 


Fig. 3. Records from tests on an eserinized frog rectus preparation. Demonstration of 
inactivation of a potent extract by neutralization with NaOH and almost complete 


inhibition of a response by means of atropine. 0-8 c.c.=0-8 g. of fresh uterine tissue. 
See Table IT and text. ‘ 


Identity of the active substance. The identity of the active material with 
acetylcholine is proved by the four confirmatory tests carried out when- 
ever sufficient extract was available. First, potentiation of the responses 
occurred in all seven attempts. Secondly, atropine inhibition (20- 
40 mg. of atropine sulphate added to the bath), as demonstrated in Figs. 
2 and 3, was obtained five times in five attempts. The use of this drug on 
the rectus abdominis is evident only when large doses are used, and it is 
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not entirely specific for acetylcholine; it includes in addition the effects 
due to salts. Thirdly, three out of three attempts to inactivate active 
extracts by neutralization with NaOH and standing for a period in excess 
of 20 min. at room temperature were successful. Finally, two attempts to 
inactivate extracts with blood were successful. One, with human blood, 
was completely successful, while in the second with rabbit blood the 
response was diminished by two-thirds. Taken together, these facts 
clearly indicate that the active agent in the uterine extracts prepared in 
this work is acetylcholine. Furthermore, since this substance -is not 
present in significant amounts prior to the administration of the hormone, 
one is forced to conclude that its presence is attributable to the action of 
the hormone, oestrin, upon the uterus in situ. 

Independence of connexion with the central nervous system. In one of the 
foregoing experiments noted in Table II (last expt.) the uterus, minus the 
cervical region with the uterine cervical ganglia, had been transplanted 
to the anterior abdominal wall in a series of three operations [for tech- 
nique, see Kaminester & Reynolds, 1935]. The last of these operations 
was performed only 2 days before the utérus had to be taken for study, 
since the rabbit developed a severe middle ear infection. The uterus, 
however, was healthy in every respect; it was well vascularized and it 
yielded sufficient extract for two tests which were positive, and in addi- 
tion, confirmatory tests, namely, inhibition by atropine and inactivation 
by NaOH, were successfully carried out. 

Two other transplants, not noted in the tables, yielded negative 
results. These tissues had been transplanted for a period of 3 weeks, 
commencing 1 week after ovariectomy. On gross examination the tissues 
were not normal in appearance. They were translucent, all but avascular, 
and had a water content (dried to constant weight at 85° C.) of 92-7 and 
95-7 % respectively. The range of water contents in the other uteri of this 
series ranged between 76 and 89 %, averaging between 82 and 83 %. Itis 
therefore clear that with normal transplanted uterine tissue (without 
time, however, for nerve degeneration to be complete) the acetylcholine 
content of the uterus increases as a result of the injection of oestrin. 
Since this is a peripherally mediated effect of the hormone it is essentially 
a “cholinergic” action of the hormone [Reynolds, 1938a]. 

Diminution of the acetylcholine content of the uterus siz and more hours 
after oestrin. Using éserinized frog rectus preparations for the most part, 
the activity of uterine extracts prepared from seven rabbits at the end of 
6 hr. after the injection of oestrin have been examined and, similarly, — 
extracts obtained from seven other rabbits at the end of 12 hr. after 
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administration of the hormone have been tested. The data from these 
experiments are summarized in Table III. Here, it will be seen, extracts 
from four of seven rabbits at the 6 hr. period failed to have any acety!- 
choline potency, while the remaining three showed potencies of 0-1, 0-1 
and 0-08 ug./g. of fresh tissue, respectively. At 12 hr. only two showed 


Tasiz III. Acetylcholine equivalent content of uteri of ovariectomized rabbits, 
6 and 12 hr. after administration of oestrin 3 


tration, 
Days c.c./g. Dose 
g. fresh Response 
tomized uterus uterus ug./g. Remarks 
6 hr. after oestrin 
32 0-50 1-65 0. 
18 0-27 2-5 0 
2-5 0 
18 0-30 2-9 0-08 
20 0-50 3-0 0-1 
8 0-14 2-4 0 An atypi an initial peak 
0 with gradual su 
25 0-58 2-39 0-1 
25 0-13 16 0 
2-9 0 
12 hr. after oestrin 
27 —— 0-43 1-75 0 lg. on uneserinized rectus was in 
ve 
34 0-66 20 0 2g. on uneserinized rectus were in 
5-3 0 ive 
33 0-38 2-6 0 
53 0-33 1-85 |) 
49 0-30 3°5 0 
43 0-23 2-84 0-36 
43 0-30 1-75 


any activity, and in one of these it was immeasurable. The other extract 
had an acetylcholine content of 0-36 ug./g. of uterus. These results show 
that by the sixth hour there is appreciable waning in the acetylcholine 
content of the uterus, and by the twelfth hour this substance has virtually 
disappeared. 

These results clearly show that the cholinergic action of oestrin given 
by injection upon the uterus is of a transient nature. This conclusion is 
significant when one considers the physiological changes which take 


~ place in the uterus following injection of oestrin and the order in which 


they occur. This is briefly discussed below. 


Discussion 
When oestrin is injected into ovariectomized rabbits, the initial 
hyperaemia of the uterus noted at the outset coincides with an increase in 
its acetylcholine content. In consequence of the vasodilatation, profound 
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changes take place in the distribution of fluid in the uterus. Thus in the 
rat, as the vessels enlarge they become increasingly permeable and an 
accumulation of water takes place in the tissues in the course of the next — 
6 hr. [Astwood, 1938]. As a result of such changes in the uterus of the 
rabbit, the density of the vessels comprising the vascular bed of the endo- 
metrium diminishes from about 200 vessels per sq. mm. of average cross- 
section to about 100 persq. mm. [Fagin & Reynolds, 1936]. These 
vascular changes precede the onset of intermittent, oestrous motility — 
which commences some 10 or more hours after the injection of the 
hormone, and they coincide with the onset of a rapid elevation of meta- 
bolism (oxygen consumption) of the uterine tissues [MacLeod & Reynolds, 
1938]. 

_ From the foregoing considerations itis evident that the rise and fall in 
the acetylcholine content of the uterus precede the changes in meta- 
bolism and muscular activity in the uterus which, like the vascular 
changes, are equally attributable to the specific action of the oestrogenic 
hormone. It thus appears that acetylcholine is a vasodilator upon a 
tissue which is quiescent, which possesses a low level of metabolism, and 
in which the blood vessels are of small calibre, offering considerable 
resistance to the rapid flow of blood through the tissue. By means of the 
- initial vasodilatation in the uterus, even in bits of transplanted uterine 
tissues in which demonstrable nervous elements are not present [Markee, 
1932], a ready access of oestrogen to the tissues is assured. Subsequently 
the other, anabolic effects of the hormone are effectively exerted upon the 
uterus, 

SUMMARY 

1. The acetylcholine content of the uterus in four groups of ovariecto- 
mized rabbits wag investigated. These were (1), untreated rabbits, 
(2) rabbits 1 hr. after treatment with oestrin, (3) rabbits 6 hr. after 
treatment with oestrin, and (4) rabbits 12 hr. after treatment with 
oestrin. 

2. The acetylcholine content of uteri from untreated rabbits was at 
best found to be low, and in seventeen out of nineteen animals no evi- 
dence of the presence of this substance could be detected. 

3. One hour after the injection of oestrin, eleven out of thirteen 
rabbits were found to have an appreciable quantity of acetylcholine 
present in the uterine tissues. | 

4. By the 6th hour after the injection, the acetylcholine content of 
the uterus was not measurable in four out of seven rabbits, and in the 
remaining three it was not present in significant amounts. By the 12th 
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hour acetylcholine was observed in only two of seven rabbits, and in one 
of these it was present only as a trace. 

 §. Oestrin caused a transient increase in the amount of acetylcholine 
extractable from the uterus. This substance was obtained equally well 
independently of the connexion of the uterus with the central nervous 


6. The physiological significance of these results is discussed. 
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‘THE DIRECT DETERMINATION OF THE OXYGEN 
CONSUMPTION OF THE FOETAL SHEEP | 


By J. BARCROFT, J. A. KENNEDY ann M. F. MASON 
From the Phystological Laboratory, Cambridge University 
(Received 6 October 1938) 


SrvERAL techniques have been proposed for estimation of the oxygen 
consumption of the mammalian foetus. Approximate values have been 
calculated from changes in the amount of oxygen consumed or heat 
produced by the mother during pregnancy and after parturition [Murlin, 
1910; Murlin & Carpenter, 1911; Sandiford & Wheeler, 1925] and follow- 
ing ligation of the umbilical cord [Bohr, 1900]. The earliest direct study 
of the foetus itself is that of Cohnstein & Zuntz [1884], who calculated 
the oxygen consumed by sheep embryos from gas analyses of umbilical 
cord blood, the rate of flow being measured by Ludwig’s stromuhr. 
A rather different approach was made by Barcroft, Flexner & McClurkin 
[1934], who arrived at values based upon oxygen analyses of blood from 
the umbilical vein, umbilical and carotid arteries, the output of the foetal 
heart, and certain assumptions regarding the distribution of this output 
between the “upper” and “lower”’ circulations. The cardiac outputs 
were obtained by use of a cardiometer. 

It seems likely that Cohnstein & Zuntz obtained low rates of blood — 
flow (and therefore low calculated oxygen consumptions) because of the 
spasm of the umbilical vessels consequent to trauma in applying the 
stromuhr. The procedure of Barcroft et al. involves considerable surgical 
interference in attaching the cardiometer. It has therefore seemed 
desirable to attempt still another method, particularly in view of the 
controversial state of the literature on the subject, which has been re- 
viewed up to 1930 by Needham [1931]. The purpose of this communica- 
tion is to describe the method evolved and to give the results obtained 
with it in experiments on foetal sheep. 
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METHOD 


. The DI ultimately adopted is as follows. After administration 
of a spinal anaesthetic (duracaine), the uterus is exposed and incisions 
made for the anaerobic withdrawal of small samples of blood from (a) a 
small maternal collecting vein approximating a cotyledon, (6) the umbili- 
cal artery and (c) the umbilical vein. The precautions observed in obtain- 
ing these specimens are described elsewhere [Barcroft & Mason, 1938). 
A maternal arterial blood sample is drawn from the carotid artery. The 
~ neck or a hindleg of the foetus is exposed, and a cannula quickly inserted 
into the carotid or femoral artery, care being taken to keep the nose and 
mouth of the foetus under fluid. Ten milligrams of heparin (Schering- 
Kahlbaum) dissolved in 2-5 c.c. saline are injected via the cannula, and 
a loose ligature is placed around the umbilical cord. The ligature is then 
drawn sufficiently tight to block completely the blood flow through this 
structure. After an interval of 5-10 sec. successive samples of blood of — 
about 1 c.c. in volume are collected from the arterial cannula into small 
cylinders containing 2-3 mg. of potassium oxalate and filled with mineral 
oil. The first few drops of blood in each case are discarded in order to 
wash out the dead space in the cannula. The interval between samples is 
variable, amounting usually to 8-15 sec., depending more or less upon the 
dexterity with which the cannula and collecting cylinders are manipu- 
lated. The actual time the blood flows during each collection is about 
1 sec. An independent observer is employed to note from a stopwatch, 
started at the moment the cord is ligatured, the time of each sampling 
to the nearest second. About 1 min. following ligature of the umbilical 
cord, withdrawal of blood is concluded. The blood volume of the foetus 
is then calculated from its age and weight, using the data accumulated by 
Barcroft & Kennedy [1938]. Alternatively, the blood volume of the 
foetus may be measured immediately by the procedure described by these 
authors for foetuses and newly born lambs.* As the research proceeded, 
we came to rely on the second alternative; the two methods agree very 
closely and the second is much simpler. 


1 The purpose of this preliminary interval prior to withdrawal of blood from the 
vena cava and into the peripheral vascular bed. 

* In foetuses near term breathing may be permitted as soon as samples for 
oxygen consumption calculation have been drawn, and the blood volume m@hen determined 
on a surviving animal. In earlier foetuses this is not possible, and the blood volume estima- 
tion is made under conditions of asphyxia. To assess the validity of this procedure the 
reader should consult the data of Barcroft & Kennedy [1938]. 
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The oxygen contents of the blood specimens are determined by the 
Van Slyke-Neill manometric method [Peters & Van Slyke, 1931]. When 
the volumes of blood analysed are less than 0-5c.c. the pipette for delivery _ 
of smaller volumes, described by one of us [Mason, 1939], is used. All 
pressure readings are made with the fluid level at the 0-5 c.c. mark. 

' Over a period of 30-50 sec., the oxygen contents of the consecutive 
samples following cord ligature plotted against time give a straight line, 
the slope of which is taken to be a function of the rate of oxygen con- 
sumption. Expressed as oxygen consumed per gram foetus per minute, 
the calculation becomes 


> 


-d(0,) (BV) x60 


where —d (Q,) is the loss of oxygen per unit of blood during a time ¢ 
in which that loss is linear, BV is the blood volume of the foetus in 
similar units, and W is its weight in grams. 

_ Having obtained the oxygen consumption, the additional analyses of 
umbilical arterial and venous bloods of the foetus and carotid and uterine 
venous bloods of the mother permit further calculations. Knowing the 
venous-arterial oxygen difference of the umbilical vessels before the cord 
is tied and the oxygen consumption of the foetus, the rate of blood flow 
through these vessels is obtained as in the Fick procedure. Similarly, 
from the arterio-venous oxygen difference in the uterine vessels the lower 
limit of the rate of blood flow through the cotyledons is obtained, 
i.e. the amount of blood necessary to transfer oxygen to the foetal 
circulation, exclusive of that required to nourish the uterine structures 
themselves, 

The validity of the procedure described depends upon the correctness 
of the assumption that oxygen diffusion does not become a limiting 
factor in foetal economy until rather low gradients obtain. That this is 
true is supported by the character of the curves obtained experimentally. 
Two typical experiments are shown in Fig. 1. In considering the initial 
low value for the carotid oxygen content it must be remembered that. this 
sample represents blood which, starting with a content approaching that 
of umbilical arterial blood, has already passed through the tissues and . 
lost more oxygen. : 

The choice of vessel for cannulation, i.e. foetal carotid or femoral, 
merits some discussion. It is clear that the blood in the femoral artery, 
representing the mixed bloods of the right and left heart minus that 
flowing into the carotid and pulmonary arteries, most nearly approxi- 
mates average foetal “venous” blood in composition. The vessel is, 

PH. XCV. 18 
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however, technically more difficult to use, and reaching it involves 
considerable trauma to the uterus. How nearly the carotid represents 
average foetal “venous” blood depends upon the extent of “crossing of 
the streams”. If the crossing is complete, the carotid blood would be 
representative of the average “venous” blood from the lower circulation 
only. The return from the upper circulation is represented, then, in 
proportion to the degree of crossing. The error introduced into the oxygen 
consumption determination would be that resulting from the difference 
in rate of metabolism of the upper and lower parts of the foetal body. 


Se. 
3 
| 3-0 id 
2-0f-. 
0 
Time after ligation of umbilical cord (sec.) 
Fig. 1, 


In practice it would appear that this error is within the experimental 
error of the method. In two experiments in which both vessels were used 
simultaneously, practically identical oxygen decrements were obtained. 

It should be noted that the calculation of the blood flows through the 
umbilical cord and uterine vessels gives volumes obtaining at the time the 
punctures of these vessels were made, i.e. early in the experiment when 
the uterus had been subjected to a minimum amount of surgical broamia 
and 


The following data are taken from a typical protocol: 
Oxygen lost by foetal femoral arterial blood during sec. ater tying 
the umbilical cord = 2-11 vol. 
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Blood volume of foetus (calculated from tables of Barcroft & Kennedy 
[1938]) = 265 c.c. 
Weight of foetus = 2850 g. 
(V—A) O,, umbilical vein and artery =6-92 vol. %. 
(A= V) O,, maternal carotid artery and uterine venules = 6-24 vol. 
_ Therefore: 
Foetal oxygen consumption = 0-0039 c.c./g./min. 
‘Blood flow through umbilical cord = 162 c.c./min. 

Lower limit of blood flow through the uterus=179 c.c./min. 

Table I gives the summarized results of some satisfactory experiments. 


I 


. Oxygen consumption Blood rate of 
| of foetus flow in blood flow 
Ageof Wt.of Blood vol. c.c./min. umbilical through 
foetus foetus of foetus - A cord uterus 
Sheep days Total c.c. c.c./g. c.c./min. ¢.c./min. 
269 lil 1200 125* 4-6 0-0038 111 106 
325 126 3000 270* 12-3 0-0041 218 161 


2850 
347. 129 2750 270* 25-2 0-0081 600 _ 


274 137 3850 350* 20-0 0-0052 568 475 
320 138 3650 360 0-0042 284 BAT 
351 152 =: 2800 412 16-4 0-0043 300 268 


* Blood volume calculated from the data of Barcroft & Kennedy [1938]. 


DISCUSSION 


The data given in Table I indicate that the oxygen consumption of 
the foetal sheep is definitely higher than that estimated by Barcroft et al. 
[1934] in their previous investigation. The most likely explanation of this 
appears to be that the cardiac outputs which these authors obtained by 
cardiometer were probably somewhat low, because of the inherent errors 
in the instrument itself, and the shock and vascular collapse resulting 
from the surgical interference attending its use. Also a general anaes- 
thetic, urethane, was used in their experiments. They give 0-0026 c.c./g./ 
min, as the average value of the oxygen consumption in their experiments. 
The average of the experiments we have performed is 0-0048 c.c./g./min.* 
This figure, representing the average of experiments during the latter 
half of foetal life, is still considerably lower than that for kids shortly after 
birth [Barcroft et al. 1934]. It is appreciated that insufficient experi- 
ments have been — to detect any definite changes in relation to 
foetal age. 


1 Fhe Ligh velve fcr Ne. 247 is not included in this average. 
| 18—2 
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The rate of blood flow through the umbilical cord, as would be 
expected, varies in relation to foetal age and size. The values we have 
obtained at late term are, to us in any event, surprisingly high, and as this 
flow represents a.quantity considerably less than the cardiac output, the 
minute volume of the foetal heart must be considerably greater than was 
formerly suspected [Cohnstein & Zuntz, 1884; Barcroft et al. 1934). 

The values for the lower limiting rate of blood flow through the 
uterus likewise depend upon foetal age and size. When one reflects that an 
additional volume of blood is required to nourish the uterine structures 
themselves and that the normal cardiac output of sheep is of the order of 
2000 c.c./min., the extent of the well-recognized added burden placed 
upon the maternal heart in the latter half of pregnancy is further ap- 
preciated [Burwell, Straghorn, Flickinger, Corlett, Bowerman & Kennedy, 
1938]. 

SUMMARY 


1. A direct method for determining the oxygen consumption of the 
foetal sheep has been described. 

2. By a few extensions in the procedure, the rate of blood flow 
through the umbilical cord and the lower limiting rate of blood flow 
through the uterus may be calculated. 

3. The average value for the foetal oxygen consumption.in seven 
experiments was 0-0043 c.c./g./min., the highest value save one being 
0-0052 and the lowest 0-0039/g./min. 

4. The rates of blood flow through the umbilical cord varied with 
foetal age and size, the highest value being 600 c.c./min. in a foetus of 
129 days, and the lowest value being 111 c.c./min. in a foetus of 111 days. 

5. Similar relations obtain for the limiting rates of flow through the 
uterus structures, the lowest value being 106 c.c./min. in the case of a 


foetus of 111 days and the highest value being 475 c. ¢./min. in the case of 
a foetus aged 137 days. 


We wish to thank the Medical Research Council who defrayed the out-of-pocket 
expenses of the above research; the University Department of Agriculture who were re- 
sponsible for the dates of fertilization; and the Department of Animal Pathology who kept 
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VASOMOTOR REFLEXES IN MAN FOLLOWING 
DUODENAL DISTENSION 


By E. A. CARMICHAEL, J. DOUPE, A. A. HARPER 
anp B. A. McSWINEY 


From the Research Unit, National Hospital, Queen Square, London 
(Received 29 November 1938) 


WITHIN recent years increasing attention has been paid to the afferent 
innervation of the abdominal viscera. Irving, McSwiney & Suffolk [1937] 
have shown that, in the cat, distension of the stomach or small intestine 
elicited reflex responses such as dilatation of the pupil and blood pressure 
changes. The afferent neurones for these reflexes enter the spinal cord 
and medulla via the dorsal roots and vagus nerves respectively. Recently, 
McSwiney & Suffolk [1938] have demonstrated in the cat the segmental 
distribution of the afferent neurones in the splanchnic nerves of the 
pupillo-dilator reflexes from the stomach and small intestine. The 
. segmental distribution of these fibres is extensive. The afferent fibres 
from the pyloric antrum, for example, enter the spinal cord between the 
fifth thoracic and third lumbar segments, those from the duodenum 
between the sixth thoracic and the second lumbar segments. 

Vasomotor reflexes have been demonstrated in man by Carmichael 
and his co-workers. Stimulation of the skin, a loud noise or a deep 
breath cause diminution in volume of the finger and toe by vasocon- 
striction. Little information exists, however, of the vascular responses 
produced in man by stimulation of the nerve endings of visceral afferent 
fibres. 

Investigations were shinai initiated to ascertain if in man dis- 
tension of the duodenum produced vasoconstriction of the finger and 
toe vessels, and further, if these reflex responses could be elicited without 
the production of conscious sensation. 


* Work carried out while holding a Halley Stewart Fellowship. 
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Healthy young male iu were used as subjects in these experiments. 
The subject, having fasted for 12-14 hr., swallowed a ‘‘Ryles” stomach 
tube, to the end of which was attached a small rubber balloon of high 


elasticity. The method described by Newman [1933] was used to pass 


the tube into the duodenum. When the presence of the balloon in the 
duodenum had been verified by X-rays, the subject, lightly clothed, was 
placed supine on a couch. The duodenal tube was connected to a syringe 
and, through a T-piece, to a mercury manometer and a stiff rubber 
tambour carrying a mirror so that the inflation pressure used could be 


Pressure mm. Hg 
8s 


Volume ¢.c. 
atmospheric pressure 


simultaneously measured in the manometer and recorded optically. The 
number of c.c. introduced at each experimental procedure was noted. 
It was possible to obtain the “effective” pressure by subtracting the 
pressure for the same volume as found in the calibration curve from 
the pressure (inflation pressure) obtained when the balloon lay in the 
duodenum (Fig. 1). a, 
A finger and a toe plethysmograph were used, and alterations in 
volume were recorded optically. Care was taken to prevent venous 
engorgement, and to avoid any movement of the finger or toe in the 
plethysmograph. The subject was warmed by the immersion of one or 
two limbs in tanks of water at 44—45° C., in order to produce and maintain 


full peripheral vasodilatation. 


The subject signalled the onset and ion of any sensation. If any 
sensation was experienced a detailed account was obtained sackis: pro- 
ceeding to make any further observations. 
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RESULTS 


Vasoconstriction of the finger and toe vessels was found to occur 
following rapid distension of the duodenal balloon. The latent period as 
measured from the commencement of distension to the onset of vaso- 
constriction varied from 3 to 5 sec. It has been previously shown by 
Stiirup, Bolton, Williams & Carmichael [1935] that vasoconstriction 
occurred 2-3 sec. after a noxious stimulus to the skin. The latent periods, 
the sharp onset and duration of the responses indicated clearly that the 
diminution in volume of the finger and toe vessels was the result of the 
stimulus to the intestine. | 


Fig. 2. L. with duodenal 
tube in position. | 


A series of control experiments, however, was made to determine if 
slight movements of the tube in the throat or oesophagus produced 
vasoconstriction. A tube ligated proximal to the balloon was swallowed 
by the subject. When the balloon was in the duodenum, air was injected 
_ 80 as to distend the tube. Under these circumstances no vasoconstriction 
occurred. Negative results were also obtained when the tube was 
withdrawn 5-10mm. It was therefore concluded that distension or 
movement of the tube in the oesophagus, stomach or duodenum was not 
an effective stimulus and that the vasoconstrictions observed were due 
to_distension of the balloon in the duodenum. 
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A comparison of the records obtained from the toe and finger showed 
that vasoconstriction occurred more frequently and to a greater extent 
in the toe vessels than in the finger vessels. With low pressures vaso- 
constriction was usually limited to the vessels of the toe (Fig. 3). When 


Fig. 3. Subject B. L. Vasoconstriction of toe vessels on distension of duodenum, inflation 


pressure 10-15 mm. Hg, volume injected 10¢c.c. No response obtained from finger 


vessels. No sensation felt. In respiratory tracing down-stroke is inspiration. R.F. 3 is 
volume of right middle finger and L.T.1 is volume record of left large toe. The arrows 
indicate direction of increase in volume. This is the same for all records. 


LT. 14 


Duodenal balloon 


| Fig. 4. Subject B. L. Vasoconstriction of finger and toe vessels, inflation pressure 
3 30 mm. Hg, volume injected 40 c.c. “No certain”’ sensation felt. 
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the pressures in the balloon were increased a diminution of finger and 
toe volumes was recorded (Fig. 4). In one subject constriction of the 
finger vessels occurred alone, but then only on two occasions, and on all 
other occasions the subject’s toe and finger vessels constricted. 

Vasoconstriction of the toe vessels and in some instances vaso- 
constriction of the finger and toe vessels was obtained without any 
sensation. A greater diminution of volume of the digit or digits was 
observed, however, when the distension of the balloon was sufficient to 
elicit sensation. Sensation was only experienced when the balloon was 
inflated rapidly and high pressures were used (Fig. 5). 


Gece; aiid sigtile 


Resp. 
R.F. 3+ 


Fig. 5. Subject B.L. Vasoconstriction of finger and toe vessels, inflation pressure 
_ 40mm. Hg, volume injected 40¢.c. Sensation described as “acute”. Response 
more-marked. 


A study was also made of the vasomotor responses in relation to the 
site of the balloon and to the pressures necessary to produce constriction. 
The evidence, though insufficient to allow definite statements to be 
made, suggests that the proximal part of the duodenum is more sensitive 
than the distal portion. It is interesting to note that Irving et al. [1937], 
using pupillary dilatation as an index have found recently that in the 
cat the lower end of the duodenum is less sensitive to distension by 
balloons than the upper end. 

The sensation was usually described by the subjects as a sense of 
pressure, deep-seated, and of a dull and heavy character. The sensation 
was poorly localized and was referred anteriorly to an area between the 
xiphoid and umbilicus. On no occasions was it localized posteriorly. 
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With high pressures the sensation became more disagreeable but 
with the same characters. In some instances it was described as painful 
and griping. The subjects, however, always volunteered the statement 


_ that “it was not too severe”, and they were able to continue the 


experiment without difficulty. 
This description tallies well with Morley’s account of “visceral 
sensation”. These observations confirm, in general, those of Boyden & — 


Rigler [1934], who described the sensation in man following electrical © ~ | 


stimulation of the walls of the duodenum. Bloomfield & Polland [1931] 
record similar sensations on distension of the human duodenum with 
balloons. | 
SUMMARY 

Vasomotor reflexes have been demonstrated in man on distension 
with balloons of the duodenum. Vasoconstriction occurs more frequently 
and to a greater extent in the toe vessels than in the finger vessels. 
Vasoconstriction of the toe vessels and in some instances of the finger 
vessels also occurs without any sensation. The responses were more 
marked when the distension of the balloon was sufficient to elicit 
sensation. The sensation as described by the subjects was of a type 
similar to that known as “visceral sensation’. 
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OF THE ACTIVITY OF THE 
NERVES OF THE CAT 


‘By J. SECKER 


_ From be Departments of Physiology and Pharmacology, The 
Medical School, King’s College, Newcastle-upon-Tyne 


(Received 7 December 1938) 


THE experiments reported in a previous paper [Secker, 1938] indicated 
that after bilateral suprarenalectomy in the cat, the cervical sympathetic 
and mesenteric nerves lost their power of influencing the muscles which 
they supply. This loss of functional activity could be restored by the 
administration of an extract of the suprarenal cortex which was free 
from sympathomimetic activity. The sensitivity of the musculature to 
injected adrenaline was in no way influenced by the procedures adopted 
in these experiments. . | 
The conclusion reached in the research was that, as the result of : 
severe stimulation, the neuromuscular system was depleted of some 
substance normally provided by the cortex of the suprarenal, and that 
this substance is concerned in the formation of adrenaline or of some 
specific transmitting substance. 

In the interval between submission of that work for publication and 
its appearance the results of several researches have appeared and some 
of them seem to lend themselves to explanation on the lines suggested 
above. The purpose of the present note is to review certain of these 
researches and to submit one further piece of evidence in support of the 
previous findings. 

Swingle, Parkins, Taylor & Hays [1938] studied ‘the circulatory 
failure and shock in adrenalectomized dogs following trauma produced 
by intestinal manipulation or mechanical damage to muscle. These 
workers found that, in the absence of adequate cortical hormone, the 
animals seemed to lack the ability to raise the blood pressure spon-— 
taneously once it had fallen to a low level, and so differed in this respect 
from the intact animal which iia experiences no difficulty in 
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making capacity adjustments. Adrenal cortical hormone in adequate 
amounts restored the collapsed circulation to normal. 

Nowak [1938] reports that the adrenalectomized cat maintained on 
cortical extract for periods between 4 and 26 days shows normal carotid 
pressor reflexes under light ether with the vagi intact. ‘“‘In moderate 
states of insufficiency under the same this reflex is 
abolished in the cat.’’ 

If it be true that the tonic state of the vascular system i is saniatained 
by the level of action of the vasomotor system acting through the vaso- 
constrictor nerves on the peripheral vessels, and that these nerves are 
‘adrenergic’, then the degree of “tone’’ will depend on the quantity 
of the transmitting substance, adrenaline or sympathin, liberated at the 
terminals of these nerves. The reports of Swingle et al. and of Nowak, 
cited above, would seem to show that excitation of the vasomotor centre | 
in the various pressor reflexes is capable of liberating this transmitting 
substance provided an adequate quantity of cortical “factor” is available. 

The liberation of adrenaline as such from the medulla of the suprarenal, 
whether or not it plays a part in the mechanism of the intact animal, is 
not essential, | 

Goldblatt [1937], dealing with the elevation of arterial blood pressure 
due to renal ischaemia, states that bilateral adrenalectomy abolishes 
hypertension once it has been established. After adrenalectomy the 
animals could be maintained in health, and in some cases a small but 
definite hypertension could be produced by the administration of sodium 
chloride and cortical extract. 

Page [1938] confirmed Goldblatt’s findings and showed that removal | 
of the adrenal glands completely abolished the hypertensive response to >. 

Gonstriction of the renal arteries. Treatment with cortical extract’ 
| | | restored the response though not to that observed in the normal animal. 
a In an investigation into hypertension of renal origin, Verney & Vogt 
[1938] have shown that the phenomenon of hypertension can be produced 
in experiments involving denervation of the kidney and also after 
complete removal of the thoracic and abdominal sympathetic chains. 
In the latter experiments the suprarenal bodies were ener left 
intact. 
_ It would appear from iat studies of renal hypertension that reflex 
mechanisms play no part in the raising of the blood pressure but that the 
“hypertensive factor” originating in the ischaemic kidney can pro- 
duce its effects only if the myoneural junctions of the vasoconstrictor 
are adequately supplied with factor. This “ hypertensive 


284 J. SECKER 


factor”, like the nerve impulse of the sympathetic fibre, is unable to 
liberate the transmitting substance in the absence of cortical hormone. 
A study of the blood-pressure records in the experiments reported 
in my earlier paper showed that in several cases the contraction of the 
nictitating membrane in response to stimulation of the cervical sym- 
pathetic nerve was accompanied by a pressor response which occurred 


Fig. 1. Cat g, suprarenalectomized (dial). Contraction of the right nictitating membrane 
on stimulation of the right cervical sympathetic trunk. (1) 60 min. after supra- 
renalectomy; (2) after an interval of 7 min. during which the nerve had been con- 

tinuously stimulated for 6 min.; (3) 6 min. after giving “Eschatin” intravenously. 
Blood pressure recorded from the left common carotid in mm. Hg. Time recorded 
in 10 sec. intervals. | 


after a short latent period. This pressor response gradually diminished 
with the failure of the retractor response of the membrane, in supra- 
renalectomized cats, but was restored along with the response of the 
membrane after cortical extract had been administered. This observation 
has been confirmed by further experiment and one result is depicted in 
Fig. 1. In this experiment the pre-ganglionic fibres of the cervical 
sympathetic nerve were stimulated continuously with supramaximal 
stimuli for a period of 6 min. in the interval between tracings 1 and 2. 
In the interval between tracings 2 and 3 cortical extract “‘Eschatin” 
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(Parke-Davis and Co.), 0-5 c.c./kg., was given and the tracing taken 
after an interval of 6 min. It will be noted that in tracing 2 the pressor 
response is diminished, and in tracing 3 there is restoration of this 
response along with that of retraction of the membrane, and further that 
the return of the blood pressure to pre-stimulation level is slower than is 


the case in tracing 2. (In the earlier paper it was shown that there was no 


recovery of the response to nerve stimulation after resting the preparation. ) 

It seems justifiable to conclude that in the early stages after supra- 
renalectomy, when there is still an adequate stock of the cortical factor 
available, stimulation of the ¢ervical sympathetic nerve results in the 
liberation of transmitting substance which causes vasoconstriction. But, 
when the store of the cortical factor has been depleted, in this case 

incompletely, by continuous or repeated stimulation, the amount of 
transmitter is diminished with corresponding diminution in the vascular 
response, 

Recuperation of the store by administration of extract increases 
the amount of transmitter liberated on nerve stimulation and results 
in the restoration of the pressor response. This pressor response could be 
due (1) to transmitter liberated at the terminals of the vasoconstrictor 
fibres, in the vascular bed supplied by the cervical sympathetic nerve, 
resulting in ‘constriction of the vessels in that area; (2) to a portion of the 
transmitter liberated at the myoneural junctions in the nictitating 
membrane overflowing into the blood stream and producing effects at 
a distance [Cannon & Bacq, 1931]; or (3) to a combination of methods (1) 
and (2). That the latter (3) is the probable method is suggested by work 
in progress at the moment and also by the delay 1 in onset and termination 
of the pressor response. 


Such results as the above would seem to strengthen the view that the | 


suprarenal cortex is concerned in the formation of the transmitting agent 
of sympathetic activity and that many of the researches into suprarenal 
cortical action can be explained on these lines. 

I wish to express my thanks to Prof. D. Burns for his continued interest and to 
acknowledge with thanks a grant for expenses from the Medical Research Council. 
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- THE “ANTI-CURARE” ACTION OF A 
SUBTHRESHOLD CATELECTROTONUS 


By BERNHARD KATZ, Beit Memorial Research Fellow 
From the Department of Physiology, U College, Lonion 


(Received 14 December 1938) 


Aprian & Lucas [1912] have shown that a nerve impulse which is 
blocked at the myoneural junction leaves behind it a transient excitatory 
effect which may help a second impulse to pass the blocked region. The 
nature of this neuro-muscular facilitation has frequently been discussed 
[Eccles, 1936; Monnier, 1936; Adrian & Lucas, 1912; Bremer, 1927; 
Brown, 1937; and others]. The general tendency is to ascribe it, not to 
a prolonged direct action of a chemical transmitter, but rather to a con- 
tinued “‘excitatory state” [Eccles, 1936; Bremer & Kleyntjens, 1937] set 
up inthe innervated region of the muscle fibre. Little evidence has 
been available to define this ‘“‘state” more precisely. It will be shown 
below that neuro-muscular transmission can be restored by a sub- 
threshold electric current applied directly to the muscle, which suggests 
that the facilitatig action of a blocked nerve impulse is due to a 
subliminal “depolarization” of the muscle fibre. 


METHOD 


Prepeniion: It was important to use a thin muscle which may i 
more uniformly affected by changes in the surrounding solution, and 
one which has discrete “nerve-free” and “myoneural” regions. For both 
reasons nerve-sartorius preparations of Hungarian Rana esculenta were 
used. The nerve was dissected from the plexus down to the muscle; to 
protect the terminal branch, adherent muscle tissue was not completely 
removed. 

The distribution of motor nerve endings i in the fig’ s sartorius has 
recently been investigated by Pézard & May [1937]. Their results show 
in particular (i) that only the pelvic eighth is free from any motor 
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innervation, (ii) that a maximum concentration of nerve endings may 
be expected to be present in the second fifth (from the pelvis). As to 
the arrangement of the intramuscular nerves, the papers by Mays [1884], 
Mines [1913], and recently by Lapicque & Pézard [1937] may be 


referred to. | 

Stimulation. Nerve and muscle were stimulated with two separate 
pairs of electrodes. The preparation was set up in a fluid bath; the 
arrangement has been described previously [Katz, 1938, Fig. 1]. The 
central part of the nerve was lifted out of the fluid and laid across bare 
silver or platinum electrodes. To prevent drying, the nerve was enclosed 
in a separate compartment kept moist by wet filter paper. The muscle 
was stimulated by means of calomel half cells dipping into the fluid — 
bath; a narrow fluid slot concentrated the current entry at definite 
regions of the muscle. 

The nerve was stimulated, at about 18° C., with maximal one-way — 
condenser discharges, at a rate of 2 per sec. The muscle received con- 
denser discharges (RC =0-15-0-7 msec.), constant current pulses (duration 
0-26 sec.), or prolonged constant current. In all the later experiments 
the constant current pulses were sent through the preparation (p.c. 
resistance 3000 2.) in series with 45,000 Q., so that the current intensity 
remained practically unaffected by electrode polarization. In addition, 
the preparation was short-circuited in the intervals between the periods 
of stimulation, so as to remove any charge which might have accumulated 
at the calomel electrodes. 

The time interval between two shocks, or between make or break of 
a constant current pulse to the muscle and a brief shock to the nerve, 
was adjusted by means of a multiple ring commutator, constructed by 
Mr A. ©. Downing and described previously [Katz, 1937]. 

Recording. The size of the muscle contraction was recorded with a 
tension lever. In some experiments a kymograph lever of rather long 
period (0-1 sec.; in the experiment of Fig. 1 A the period was shorter 
and the sensitivity less) was employed. In other experiments an optical 
lever (period 4-5 msec.) was used, and the deflexion read on a scale; 
after some experience, this proved satisfactory. 

Since only the change in the size of response was of interest, with 
varying interval between two stimuli, the period of the lever was not 
very important. A certain error might be introduced, with a lever of 
long périod, if the time course of the twitch varied in different parts of 
the muscle. The results, however, were essentially the same with both 
kinds of recording. 
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* Bacess response” and “‘local excitatory effect”. The main purpose 
was to trace the time course of myoneural facilitation following an 
inadequate nerve impulse or a subliminal direct stimulus. Generally, the 
most satisfactory way of measuring a local excitatory disturbance is to 
fix the strength of the conditioning stimulus, and to vary that of the 
test shock, keeping the size of the response constant. An attempt was 
made to trace the local effect of a ‘“‘subliminal” nerve impulse (=con- 
ditioning stimulus) by applying, at various intervals, a short threshold 
shock to the muscle. This, however, was unsuccessful, largely because the 
“‘test” shock excited the intramuscular nerves whose threshold was well 
below that of the muscle fibres (see further, p. 295). 

In most experiments, therefore, a maximal nerve volley was used as 
the “test shock”, and the change in the size of the muscle response 

‘(henceforth called the ‘‘excess response”) taken as index of the local 
excitatory disturbance left by the preceding stimulus. This provides a 
convenient, though only qualitative, measure which reveals approxi- 
mately the time course, but not the real magnitude of the local effect. 


RESULTS 

: (1) Abolition of neuro-muscular block by catelectrotonus 

Preliminary experiments showed that, during the early stages of 
curarization, a subthreshold constant current sent through the muscle 
in the proper direction (cathode on the myoneural region), is capable of 
restoring neuro-muscular transmission [see Katz, 1938, Fig. 2; Fig. 1 
below]. This effect was observed with a variety of curarizing agents, such 
as curarine [Cowan & Ing, 1934], MgCl, [Ing & Wright, 1931}, large 
excess of CaCl, (9 times normal concentration),.and ordinary fatigue. 
It was not found, howeyer, during a state of high-frequency inhibition 
(Wedenski effect and associated phenomena produced by a continued 
high rate of nerve impulses). 

The phenomenon depends upon various factors: e.g. the strength of 
the constant current (Fig. 5), the intensity and the statistical spread of 
the myoneural block, the distribution of reels regions, and the 
position of the electrodes on the muscle. 

The phenomenon is clearly due to a junctional effect, and not (i) to 
excitation of intramuscular nerves, or (ii) to the removal of a purely 
muscular failure, by the constant current. The former possibility can be 
discarded, since a subtlireshold current was used which produced no 
response at all, at any stage of the experiment. Furthermore, as will 
be shown below (Fig. 5), the facilitating effect rises slowly to a maintained 
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level, during the passage of the constant current, quite unlike a nerve 
response which would appear immediately at the make of the current. 
The second possibility, viz. a muscular failure, is eliminated by the fact 
that two successive nerve volleys produced a nearly maximal response 
of the muscle. 

It proved useful to raise the calcium content of the Ringer bath, 
which reduced the direct stimulating effect of the constant current 
(Lucas, 1908], but apparently not its facilitating action on neuro- 
muscular transmission. This makes it possible to apply stronger currents 
and so to obtain a more powerful effect without interference by direct 
excitation of the muscle. In higher concentrations (9-10 times normal), 
calcium itself produces a neuro-muscular block, apart from its effect on 
the direct excitability. Application of a large excess of calcium was, in 
fact, the most convenient procedure, and has been adopted in the 
majority of the experiments. 
| The curarizing action of calcium comes on very gradually, is Gl siiabaace of 
an enormously exaggerated neuro-muscular fatigue, which eventually becomes irreversible 
(Fig. 1 A). The rise of the “‘rheobase”’ develops much more quickly (cf. also Lapicque’s 
observation on the “‘3-excitability’’ [1931)}). 

Size of the effect. The “excess response” is larger (i) the weaker the 
myoneural block, (ii) the more uniform its distribution among the 
individual muscle fibres, (iii) the greater the number of junctional regions 
which are in contact with the cathode (i.e. concentrated at points of 
greatest density of current exit). These requirements will be fulfilled to 
a varying extent from preparation to preparation: the maximum 
observed effect consisted of a recovery of rather more than half the 
original response of the muscle. 

The position of the electrodes is of the greatest importance as seen 
from Fig. 1 A. It is simplest to apply one electrode to the nerve-free 
pelvic end (‘‘indifferent” lead), the other to a well-innervated region 
(“active” lead), preferably to the second fifth of the sartorius [Pézard 
& May, 1937]. A cathode in the myoneural part restores neuro-muscular 
transmission, an anode enhances the neuro-muscular block [Fig. 1 A]. 

The anodal blocking effect was always weaker than the cathodal facilitation. This is 
not necessarily due to a genuine inequality of anodal and cathodal actions: if the local 
electrotonic currents overlapped only partly with individual myoneural regions, the 
cathodal current might then facilitate the passage of the impulse through the affected 
portion, the anodal current would not prevent the impulse from passing through the 
unaffected remainder of the junction. 

The points of current entry and exit could be moved towards the 
tibial part by altering the position of the muscle in the fluid slot [cf. 

19—2 
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Katz, 1938, Fig. 1]. In this case, both electrodes came in contact with 
innervated portions. Reversal of the current had then a less significant 
effect, depending clearly upon a partial balance of anodal block in one 
region and cathodal facilitation in the other. Usually, a positive ‘excess 
response” was found with both directions of current, though occasionally 
the anodal block produced in the second fifth appeared to balance, or to 
exceed, the cathodal effect further down at the nerve entry. : 


Subthreshold 
cathodal pulse 
followed by 
Rerve stimulation 


~6°5 -3°5 415 419 +28 +58 msec. interval 


2 successive 
nerve volleys 


100 2B mesec. interval 


Fig. 1 A. Curarization by large excess of calcium. Response of sartorius to nerve stimula- 
tion, alone (n), and combined with a subthreshold constant current pulse to the 
muscle (a, anode; ¢, cathode in myoneural region), Time marks: 1 sec. B. Curarization 
by high CaCl,. Same experiment as in Fig. 3. “Excess responses’’ at various time 
intervals between conditioning stimulus ((i) subthreshold cathodal pulse, (ii) blocked 
nerve impulse) and testing nerve volley. 


(2) Comparison between ‘‘cathodal recovery” and 
neuro-muscular facilitation 
The next step was to vary the time interval between the withdraw 
of the cathodal current and the testing volley, and to study the rate 
at which the facilitating action subsides. These experiments led to 
the surprising result that the time course of the decay of neuro- 
muscular facilitation is nearly the same whether produced by a preceding 
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subliminal catelectrotonus (Fig. 2, JN) or by a blocked nerve volley 
(Fig. 2, NN). | | | 

The experiments were made as follows. To avoid the effect of pro- 
gressive change (curarization was advancing slowly), two or more series 
of observations were made in both directions, and the means taken. In — 
most experiments the observations with a conditioning subthreshold — 
current pulse applied directly to the muscle (duration 0-25 sec., rate 
2 per sec.) were made first, followed by those with a conditioning maximal 


Excess 
o——o preceding nerve volley (I), (N); 
@— cathodal pulse to the muscle (II), 
(J, “junctional” region). 


oh 


0 100 1 


_ Fig. 2. High CaCl,. “Excess response” after (I) preceding nerve volley (hollow circles) 


(NN), (TI) cathodal pulse to the muscle (full circles) (JN). Ordinates: excess response 
in arbitrary units. Abscissae: time interval in msec. between first stimulus to the 
nerve (I), or break of cathodal pulse (II), and test shock to the nerve. 


nerve volley. This was done for two reasons: (i) the latter (NN) produces 
a@ more powerful facilitating effect than the former (JN) and can, 
therefore, be used conveniently even in a more advanced stage of 
curarization, when the former would give only a small “excess response” ; 
(ii) if the mechanical ‘excess response” is taken as index, as in the 
present experiments, the conditioning stimulus must not produce any 
appreciable response; otherwise the “excess response” would not 
indicate the facilitating power of the blocked nerve volley, but contain, 
in addition, the summated contraction of those muscle fibres to which 
conduction had not failed. Hence, a conditioning nerve volley (in 
contrast to a subliminal current) can be applied only in an advanced 
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stage, when a single nerve impulse produces a barely perceptible con- 
traction. 

In most cases, a remainder of unblocked response was present; but 
this was so small that the summated contraction could be allowed for, 
without altering seriously the shape of the curve. 

In some experiments, the symmetrical order of the observations was 
completed by making a third double set, again with a conditioning 
cathodal current pulse. 

A suitable subthreshold strength of the cathodal current was chosen 
initially, by determining the strength/excess response relation, at a 
given interval (see e.g. Fig. 5). An optimum strength was often found 
above which the excess response diminished. 

As stated before, the majority of the experiments were made with 
a large excess of CaCl, (9 times normal); the results were checked, 
however, in a separate series with curarine +3 times calcium (cf. Table I 
and Fig. 6). 

When comparing the time course of the decaying excess response 
in both cases, one can find little to distinguish between them. Apparently, 
a small remainder of the facilitating effect lingers on rather longer, with 
a conditioning nerve volley, than with a cathodal pulse, but apart from 
this, the two falling curves are much the same. 

To simplify the comparison, the times for a fall of the excess response 
to one-half, reckoned from the point of steepest slope, just after the 
maximum, have been taken (Table I). The average values are nearly the 
same for ‘“‘cathodal recovery” and “‘neuro-muscular facilitation”. 


Tasiz I. Half-times of decay of neuro-muscular facilitation (NN), 
and recovery due to a cathodal pulse (DC +N) 
High CaCl,: 17 experiments 
Mean values of half-times 


NN, 19-4 msec. 
DO+N, 1 19-4 msec 


Ratio (WN)/(DC +N), 1-08 (geometrical mean) 


3-9 msec. 
Ratio (N N){(DC +N), 0-98 


In 27 experiments the mean ratio of the half-times is 1-04, with shestend devietico 
of 0-76-1-48 (two-thirds of the results are within 0-8-1°2). 


No undue weight should be attached to this numerical agreement, 
since the figures are not an accurate measure of the rate at which the 
facilitating action subsides (see p. 288). There are, moreover, considerable 
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divergences in some cases. On the other hand, such divergences were 
found to be accompanied by, and are possibly due to, a marked advance 
of neuro-muscular block. In any case, the average figures, taken from 
all results without selection, may be regarded as a fair index. 

The “facilitation” curves (Figs. 2, 3 and 6) require further comment. 
It will be noticed that a different origin of the time scales has been 
chosen to bring the two curves together. With two nerve volleys, the 
excess response rises sharply, as the intcrval increases, passes through 
a maximum at about 7 msec. and then falls. With cathodal pulse and | 
testing volley the excess response drops from the start, even if the nerve 
is stimulated some 8-10 msec. before the break of the pulse. The reasons 
for the difference are probably as follows: 

A. The initial rise of the effect of a second volley has been described 
previously by Bremer [1927]. Rise and fall are somewhat slower in the 
present than in Bremer’s experiments, but this may be due to the 
somewhat different conditions, e.g. to the use of calcium as a curarizing 
agent. 

The rising ae: corresponds approximately to the relatively re- 

fractory period of the nerve [cf. Bremer, 1927] and may be attributed 
to the gradual recovery of the second — accompanied by an 
increase of its transmitting power. 
tink, Wren after the end of the recovery period of the nerve, 
the transmitting power of a second impulse does not return at once to its normal level, 
but remains subnormal for a much longer period [Brown, 1938]. One may question, | 
therefore, whether one is justified in regarding the second volley as a “constant test”’. 
Considering, however, that the protracted recovery of the transmission process is much 
slower than the decay of neuro-muscular facilitation [Brown, 1938], one may reasonably 
assume, as @ first approximation, that during this limited period the second impulse 
provides ® constant test stimulus. 

B. The “premature” fall of the excess response, 8-10 msec. before 
the break of a cathodal pulse, has a different origin. It is due partly to 
the time required for the ‘‘testing” impulse to travel down to the 
myoneural junction. The distance from the stimulated region of the 
nerve to the cathodal region of the muscle was about 65 mm.; with a 
conduction velocity of 20 m./sec. (temperature 20° C.), the impulse would 
require 3-3 msec. to propagate through this length of nerve. 

In several experiments the conduction time was measured as follows. 
A facilitation curve was determined as usual by applying two successive 
shocks to the same point of the nerve. This was followed by another 
series in which the second shock was applied to the intramuscular nerves 
via the calomel electrodes. This is made possible by the fact that the 
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intramuscular nerves have a much lower threshold for short shocks than 
the muscle fibres (detected from the step-like growth of the response 
with continuously i increasing stimulus [cf. Mines, 1913; Hartree & Hill 
1921]. This second series gives a facilitation curve which lags behind the 
first. The lag is due to the time of conduction over the distance con- 
sidered. The half-way points on the rising parts of both curves (Fig. 3 


20— 


Excess response” after 
o-—oppreceding nerve volley (1), 
@—ecathodal pulse to the muscle (II), 


-0 #0 20 30 5 © 7 


Fig. 3 (cf. Fig. 1B). Excess response after (I) pteceding nerve volley (hollow circles), 
(II) cathodal pulse (full circles). Inset: two nerve volleys;. testing stimulus applied 
to: sciatic nerve (a), intramuscular branches (5). Half-time of rising phase marked 
by arrows. Difference 2-7 msec, corresponding to a conduction velocity of 23 m./sec. 


as an example) were taken as the points least affected by error of 
measurement. The conduction times thus obtained (2-7-4-2 msec., eight 
experiments) correspond with an average speed of propagation of 
20 m./sec. (varying between 15 and 23 m./sec.). The procedure is not 
very accurate, but it is difficult to think of a better way of measuring, 
not merely allowing for, the conduction time in the pepenias 
nerves. 

Obviously, conduction of the nerve impulse requires only a minor 
part of the 8-10 msec. in question. There might be an extreme slowing 


of propagation in the terminal branches of the intramuscular nerves. — 


This has not been eliminated, but appears unlikely especially with regard 
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to Walter’s [1932] and Schaefer’s [1936] measurement of the neuro- 
muscular delay of the action potential (2 and 1 msec. respectively, 


independent of fatigue or partial blockage). 


The early fall of the excess response in the case of the silos can, 
therefore, be restated in the following more explicit terms. The response 
diminishes appreciably if the nerve impulse arrives at the myoneural 
junction later than 5-6 msec. before the break of the current pulse. This 
is due presumably to a delay in the rise of the local excitatory effect of 
the arriving impulse on the muscle fibre. Apparently the local process, 
initiated by the nerve impulse, requires several milliseconds to reach its 
maximum intensity: if the facilitating cathodal current is withdrawn 
before that moment, transmission is less effective, viz. it fails to occur in 
the weakest elements. 

This conclusion implies that, at the junctions of smallest “safety 
margin”’, a neuro-muscular delay occurs which amounts to 5-6 msec. 
This seems to contrast with the findings of other workers [Walter, 
1932; Schaefer, 1936] who reported a delay of 1 or 2 msec. There is, 
however, no real contradiction between those and the present results. 
Previously the delay between the arrival of the action wave of the nerve 
and the first detectable electric change in the muscle was measured. The 
latter may well have started as a local non-conducted effect [see Gopfert 
& Schaefer, 1938] which requires some time to reach a propagating size 
(cf. the corresponding findings on nerve by Hodgkin [1938]). It is clear 
that, in a barely transmitting fibre, conduction would start only after 
the local process has reached its peak. 

Delay in the rise of the local excitatory process has another, a practical, consequence. 
It was intended to test the local effect of a blocked nerve impulse by applying a short 
shock to the muscle, during the refractory period of the intramuscular nerves. This 


experiment was unsuccessful, presumably because the local effect reaches measurable 
quantities only after the intramuscular nerves have recovered their excitability. 


(3) Rate of development and fall of “‘cathodal recovery” 

The development of the restoring cathodal effect was traced by 
applying the testing volley at various intervals after the make of the 
current, It appears, at first (Fig. 5), as though the rise of the facilitating 
effect is much slower and more delayed than its fall. This, however, is 
probably not a genuine property of the local excitatory disturbance, but 
merely a consequence of its inaccurate representation by means of a 
“statistical index” (p. 288). The observed difference between rise and 
fall is exactly what one would expect if the size of the excess response 
(or the number of recovered junctions) increases not linearly with the 
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Fig. 4. Diagram illustrating the different time course of “excess response” and 
fundamental excitatory process, Full line: rise and fall of excess response, due to 
a cathodal current of strength B. Broken line: rise and fall of the local excitatory 
disturbance. Inset (Fig. 4a): Relation between strength of cathodal current (abscissa) 
and excess response (ordinate), at a given time interval. 


—> Excess response 


160 


Fig. 5. Rise and fall of “cathodal recovery’. Inset: strength/excess response relation, 
determined at 10-5 msec. before the break of the current pulse (duration about } sec., 
as indicated at bottom of figure), Full line: observed excess reponse. Broken line: 
“corrected” curve (see text). Ordinates: excess response (full circles), or “equivalent 

_ current strength” (hollow circles), in arbitrary units. Abscissae: time intervals between 
_ make of cathodal pulse and shock to the nerve, in msec. : 
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intensity of the local facilitating disturbance, but in a statistical S-shaped 
fashion. This is illustrated diagrammatically in Fig. 4. If the local 
disturbance rises and falls along the same simple curve, the observed 
excess response would rise more slowly and fall more rapidly (Fig. 5). 
In practice, a strength/excess response relation was determined after 
a current flow of about } sec, Assuming (i) that the local disturbance 
produced by.a cathodal current at each individual junction is proportional 
to the current strength, (ii) that the time course is practically the same 
in all elements, one can calculate the time course of the local disturbance 
from that of the excess response. This is done simply by taking, for each 
value of the excess response, the corresponding current strength from 
the strength/excess response relation (see Fig. 5). One obtains then a 
curve which rises and falls at about the same rate (Fig. 5). The ratio of 


Tasie II. Half-times of rise and fall of “cathodal facilitation” 


Times (msec.) for 
Excess response: 
rise 95-5 49 # 66 61 
fall 15 . 20 15 34 ll 
Ratio rise/fall 6-35 2-45 4-9 1.95 55 Mean 4-23 
Corrected curves: 
i rise 39 42 36 37 47 oo. 
fall 50 54-5 33 38 56 40 


Ratio rise/fall 0-78 0-77 1-09 0-98 0-84 0-85 Mean 0-89 
* The rising curve was not complete: one-third rise, 82 msec.; one-third fall, 5-5 msec. 


the half-times for rise and fall varied (i) in the curves of the excess 
response between 2 and 6, average 4-23, (ii) in the corrected curves 
between 0-7 and 1-9, average 0-89. Considering the crude assumptions 
involved, the corrected curves cannot be taken as an exact picture of 
the excitatory disturbance, but they give presumably a better idea of the 
true time course than the uncorrected curves of the excess response. 


(4) Comparison between the time course of newro-muscular facilitation 
and the local excitatory process in muscle 


It is of great interest to examine whether the processes of neuro- 
muscular facilitation (NN, Fig. 6) and recovery due to a cathodal pulse 
(JN, Fig. 6), characterized apparently by. a common slow rate of decay, 
are of the same nature as the local excitatory disturbance produced by 
a subthreshold electric current in the muscle fibre (MM, Fig. 6). 

The same stimulating electrodes were used. The time course of neuro- © 
muscular recovery after a cathodal pulse (JN) was determined as before, © 
then a series was made in which the conditioning current was followed 
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by a short test shock applied to the muscle directly (MM). To avoid 
indirect excitation, via the intramuscular nerves, either the direction of 
the currents was reversed, the cathode being applied to the pelvic end, 
or the experiment was made in a state of more complete curarization, 
the position of the cathode then remaining unchanged. In both cases, 
the variation of response, with different intervals, was observed. 

Tatx III. Decay of “cathodal facilitation” (C) and of the local excitatory 
effect (M) («-excitability) of muscle 
Half-times (msec.) of the “corrected curves” (cf. p. 297), which are closer than 
those of the observed excess response (Fig. 5) 


46-5 62 62 80 95 75 
522s 29 15 

CaCl, Curarine + fatigue 

‘Pelvic end 3 Second fifth, as with (C) 


I and Il: 
(Al), (J, “junctional” region); 


cathodal pulse followed try a short shock to the muscle (MM). 
x 


0 0 © 0 WI 

Fig. 6. Curarine. (I) and (II): excess response to nerve stimulation, (I) after preceding 
nerve volley (hollow circles) (VN), and (II) break of cathodal pulse to the muscle 

(full circles) (JN), (III) (crosses): excess response to direct stimulation of muscle 

(short condenser discharge, more completely curarized), after break of a subthreshold 

cathodal pulse (MM). Scale as in Fig. 2. 

The results are tabulated in Table III above; an example is shown 
in Fig. 6. The rate of disappearance is of the same order of magnitude — 
in both cases. In some experiments the half-times agree closely; often, 
however, the local excitatory process in the aneural muscle decays more 
rapidly than the recovery due to a cathodal pulse, in the junctional region 
see also p. 301 below). On the average, the ratio of the half-times is 0-76. 

The time course of decay or rise of the local excitatory disturbance - 


was determined more accurately by measuring the variation of threshold 
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strength of the test shock, The results agree with Rushton’s experiments — 
on the «-excitability of muscle [cf. Rushton, 1931]. It is interesting to 
note that the development of the excitatory process (Fig. 7) does not 


0-4— 


0-2- 


0 7 

Fig. 7. Development of “local excitatory disturbance” in muscle during passage of 
subthreshold constant current. Test shock: short condenser discharge. Abscissae: 
time interval in msec. Ordinates: (Z, - Z,)/H,, HZ, being the resting threshold, Z, the 
required strength at interval t, of the test shock. Full line: a curve calculated from 
Cremer’s core-conductor theory [1932] is drawn through the data. Hollow circles, 
first series; full circles, reverse series of o 


Fig. 8. Decay of excitatory disturbance following (I) short condenser shock (RC =0-33 
msec.), (II) constant current pulse (duration: } sec.). Test shock: short condenser 
shock (RC =0-33 msec.). Ordinates: hollow and full circles as in Fig. 7. Abscissae: 
time interval after conditioning discharge, or break of current pulse. 


4g 
G 
Ag 
‘ 
xd 
4 
x 
4 
\ wh 
a 
‘ 
ig 
on 
; 
¢ > 
=. 
; 
a 
e 
if 
° 
rf 
am 
4 
“2 
4 
3 
red 


300 B. KATZ 


follow a purely exponential relation, but agrees rather well with the 
curve predicted by Cremer [1932] on the basis of the core-conductor 
theory. This also confirms Rushton’s previous findings (unpublished). 
A practical consequence of this observation is (i) that the strength- 
duration curve at short times converges to a “constant energy” relation 
rather than to “constant quantity” (Rushton, 1931; Hill, 1936], (ii) that 
the rate of decay of the “local potential” [Hill, 1936] depends to a large 
extent upon the duration of previous current flow: the longer the 
conditioning stimulus, the slower the disappearance of the “local 
potential”. 

The theoretical explanation of this effect, according to Nernst [1908], Cremer [1929], 
Rushton [1932], is the gradual building up of the excitatory change (ionic concentration 
change, or electric charge) in the neighbourhood of the cathode, The speed of disappearance of 
the excitatory effect depends partly upon the rate of diffusion of the accumulated ionsaway 
from, and side-ways along, the membrane: it is slower, therefore, the smaller the spatial 
gradient of the excitatory disturbance, hence the longer the duration of the preceding current. 

After these considerations, it seems even more surprising that the facilitating effect 
following the brief action of a nerve impulse decays as slowly as the neuro-muscular 
recovery produced by a prolonged cathodal current (see pp. 301-2 below). . 

The values of the half-times of the excitatory process are lower, 
but of the same general order of magnitude as found with the previous, 
less exact, method. The values varied between 12 and 34 msec, (seven 
experiments of which five were on the rise and two on the fall of the 
excitatory process). 

Discussion 

The general conclusion from the present results is that the rate of 
subsidence of (i) the facilitating action of a blocked nerve impulse, 
(ii) the neuro-muscular recovery produced by a direct cathodal pulse, 
(iii) the local excitatory state built up in the muscle fibre by a cathodal 
current, are of the same order of magnitude. 

This suggests that the three phenomena may have the same origin. 
Their common mechanism may well be a subthreshold depolarization of 
the muscle fibre, localized either in its junctional region (cases (i) and 
(ii), or at any other point (case (iii)). This implies (i) that the blockage 
of the impulse occurs on the muscular side of the junction, this being 
not sufficiently depolarized by the transmitting agent, (ii) that the 
facilitating effects are due to an increase of excitability of the muscle, 
and not to an increase of the stimulus liberated by the nerve. Both 
implications agree with the evidence obtained by others. 5 


(i) The fact that a blocking dose of curarine does not affect the liberation of acety!- 
choline at the motor nerve endings [Dale, Feldberg & Vogt, 1936], but reduces its de- 
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polarizing action on the muscle (Cowan, 1936], suggests that the transmission is stopped 
on the muscular side, certainly not in the terminal nerve branches. 

(ii) The transmitting power of a second nerve volley is, if anything, less than that of 
the first [Brown, 1938]. A cathodal current increases the excitability of the muscle, while 
the size of the nerve impulse is, if anything, reduced during a state of catelectrotonus 
[Schaefer, 1934]. | | 

These suggestions are also in line with Schaefer’s [1938] and Gépfert 
& Schaefer's observations (i) that the electrotonic potential in a frog’s 
sartorius rises and falls very slowly, in accordance with Rushton’s 
a-curves, and (ii) that, in a curarized preparation, a small non-conducted 
potential change is found in the myoneural region, which reaches a 
maximum 4 msec. after arrival of the nerve impulse, and then falls at 
a slow rate, similarly to the electrotonic potential. 

The half-times obtained by Schaefer [1938] are rather shorter than 
those in the present experiments. This may be due to the use of fluid 
electrodes [cf. Rushton, 1932] in the latter case. One must also consider 
that the restoring neuro-muscular effect may take place at some distance 
away from the proper cathode, and may, therefore, be expected to 
develop and decay more slowly than the changes occurring immediately 
at the electrode [cf. Bogue & Rosenberg, 1934]. This applies to a com- 
parison with the electrotonic potential, but also with the local excitatory - 
process tested on the muscle directly (see p. 298 and Table IV). 

Bremer & Kleyntjens [1937] recently examined the question whether 
neuro-muscular facilitation might be due to the persistence and conse- 
quent summation of acetylcholine. This possibility was discarded since 
eserine had no influence on the facilitation curve. The present experiments 
have shown that a similar curve can be obtained, after the withdrawal 
of a direct electric stimulus. This indicates, in agreement with Bremer 
& Kleyntjens [1937] that the facilitation is due to the gradual subsidence, 
not of the stimulating agent (e.g. transmitter substance), but of its local 
excitatory effect. | 

It remains to be discussed why the brief action of the nerve impulse 
leaves an after-effect which compares with the local changes following — 
a prolonged electric current, but not at all with those following a short 
shock to the muscle (p. 300). One can give only an uncertain, tentative 
explanation of this surprising fact: 

The different speeds of subsidence, after long and short shocks, are 
a direct consequence, according to theory, not so much of the duration 
of the stimulus, but of the spatial spread of its excitatory disturbance, 
With a linear fluid electrode [Rushton, 1932], as used in the present 
experiments, the spatial spread increases as time goes on. Initially the 
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excitatory effect is restricted to a minute region at either end of the 

applied linear potential gradient; it spreads only gradually over adjacent 

of the muscle fibres. With special types of electrodes (e.g. Cremer’s 

‘rec r slot’ [1929]) one may be able to distribute the current in 

such a way that a great length becomes depolarized simultaneously; in 

this case, the rate of subsidence would always be slow, and practically 
independent of the shock duration. 

The depolarizing stimulus which is liberated by the nerve impulse 
may act simultaneously upon a certain area of the muscle fibre, so that 
even though the action is brief, it covers a larger region than does an 
equally short, electric stimulus applied through ordinary electrodes. 
This is a priors not unlikely and would make it easier to understand that 
neuro-muscular facilitation subsides as slowly as the restoring effect of 
a prolonged subthreshold current. 

While it seems possible thus to fit the facts into a relatively simple 
scheme, one difficulty must be considered at once. Phenomena of 
“facilitation” and ‘‘cathodal recovery”, quite similar to those described 
in the present paper, have been found also at a blocked region of a nerve 
fibre [Adrian & Lucas, 1912; Woronzow, 1924; Blair & Erlanger, 1936). 
The time course of these events apparently does not differ much from 
the corresponding phenomena at the neuro-muscular junction: it is much 
‘slower than the decay of the “local potential” in nerve. Clearly, in the 
case of a blocked nerve, one must distinguish between two phenomena: 
(i) There is the immediate excitatory effect of the extrinsic local action 
currents [Hodgkin, 1937] which disappears within some milliseconds, and 
is related to the brief “local potential’ following an applied shock. 
. (ii) There is a delayed weak effect of facilitation which may last for 
more than 0-1 sec. [Blair & Erlanger, 1936]. It depends apparently upon 
the same factors as are responsible for the occurrence of a supernormal 
phase, and of protracted catelectrotonic changes of excitability [Gasser, 
1938]. 

Seen from this aspect, the neuro-muscular situation appears more 
complicated. If we consider the «-excitability of muscle as the proper 
representation of its “local potential”, then neuro-muscular facilitation 
would seem to be the equivalent of the extrinsic effect of the local action 
currents ina blocked nerve [Hodgkin, 1937]. Itisslower, merely becausethe 
time factor of the “‘local potential” in muscle is very large. This view, 
put forward in the present paper, makes it difficult to see any direct 
connexion between the slow facilitation process in nerve, and the equally 
slow process at the neuro-muscular junction, although the resemblance 
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bebe the two events is obvious [Adrian & Lucas, 1912; Bremer & 

Kleyntjens, 1937]. 

3 At the present stage, the nature of the slow changes; in nerve being 
unknown, and that of the «-excitability of muscle still controversial, one 

can only point out the difficulty, but not resolve it. 


SUMMARY 

In an incompletely curarized nerve-muscle preparation (sciatic- 
sartorius of Rana esculenia) the transmission can be restored (i) by 
sending in two nerve volleys following one another at a short interval, 
(ii) by applying, in addition to a single nerve volley, a subthreshold 
cathodal current to the receptive region of the muscle fibre. 

The facilitating effect of (i) a blocked nerve impulse, or (ii) a direct 
cathodal current pulse, subsides gradually, after the impulse has passed, 


or the current been withdrawn. Taking the excess response, to a testing 


nerve volley, as index, the rate of decay is nearly the same in both cases; 
on the average, at 18° C., the excess response falls to one-half in 17 msec. 

The rate of subsidence of the local excitatory disturbance in the 
muscle («-excitability) produced by a subthreshold constant current 
pulse and tested by short condenser shocks is of the same order of 


magnitude. 
It is suggested that the facilitating effect of a blocked impulse is due 


to a local subthreshold depolarization of the muscle fibre: it rises to 
& maximum, during several milliseconds after the arrival of the impulse 
at the myoneural junction, and then falls slowly at a rate corresponding 
to the «-excitability of muscle. 


My sincere thanks are due to Prof. A. V. Hill for his advice and kind hospitality, and 
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THE experiments of Heymans & Heymans [1927], Heymans, Bouckaert 
& Dautrebande [1930], Schmidt [1932], Selladurai & Wright [1932] and 
many subsequent workers have made it clear that a centre situated in 
the medulla can no longer be held solely responsible for the chemical 
control of respiration, and the parts played by the carotid sinus and 
aortic regions are now well recognized. Chemical stimulation of receptors 
in these areas, quite distinct from pressure changes [Bogue & Stella, 
1935], produce reflex alterations in breathing, and indeed the response 
to oxygen lack seems to depend largely on these reflexes. | 

Most of the work done has been concerned with the relative parts 
played by the centre and the extramedullary chemoreceptors under 
various conditions, or with the mode of stimulation in each case. 
Furthermore, the experiments deal almost exclusively with mammalian 
respiration. A new line of approach to the problem is offered by an 
investigation of the respiratory reflexes of other less highly organized 
vertebrates, and a study of the amphibian respiration seems desirable 
as presenting an early stage in the development of air-breathing re- 
spiratory organs. The frog is chosen as representative of this class of 
animals, and further interest is added by the fact that whereas older 
work suggested that the respiratory centre of the frog was fundamentally 
different from that of the mammals, certain morphological and. experi- 
mental evidence points to the probable existence of carotid sinus and 
aortic reflexes at least in connexion with the circulation. 

The scope of these investigations therefore includes (1) the nature of 
respiration in the frog and the possibilities of recording it, (2) the 


_ alterations in respiration in response to changes in the composition of the 


air breathed, (3) the possibility of such changes being controlled by a 
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centre in the medulla sensitive to carbon dioxide and oxygen lack, (4) the 
evidence for the existence of respiratory reflexes comparable with those 
originating in the mammalian carotid sinus and aortic area. 

The mechanism of respiration in the frog. The large amount of work 
on the respiratory processes in the frog has been reviewed by Babak [1921]. 
The mechanism is briefly as follows. Respiration is effected partly 
through the skin and partly through the lungs. In addition a small 
amount of gaseous exchange may occur through the mucous membrane 
of the mouth and pharynx, but this is relatively unimportant. The 
cutaneous respiration consists of inward diffusion of oxygen and outward 
diffusion of carbon dioxide through the general surface of the skin, the 
blood being carried to the skin by a common pulmo-cutaneous artery 
which also carries blood to the lungs. The skin respiration does not 
require any specific respiratory movements. The pulmonary respiration 
is a much less simple process. The driving force is provided by the 
muscles of the floor of the mouth—chiefly, the petrohyoids, geniohyoids, 
hyoglossi, genioglossi, sternohyoids and omohyoids. These by rhythmic 
contraction and relaxation alter the capacity of the mouth cavity. Air 
leaving or entering the mouth cavity may do so either through the 
glottis connecting with the lungs, or through the nostrils connecting 
with the outside. The normal sequence of events is the following. With 
the lungs filled with air and the glottis closed, small rhythmic contractions 
of the muscles of the floor of the mouth occur and air enters and is 
expelled through the open nostrils. These movements,take place with a 
frequency of about 80-120 per min. At intervals a much more extensive 
movement occurs. With the nostrils closed and the glottis open, air 
enters the mouth cavity from the lungs and is forced back again by a 
strong contraction of the mouth muscles. This may occur several times 
or only once, the glottis is then closed, and the finer movements are 
continued. These two types of movement are referred to as oscillations 
and lung movements respectively, and while the former renew the air 
in the mouth cavity with fresh air from outside the latter ventilate the 
lungs with the air in the mouth cavity. It is clear that both movements 
are essential for ventilation of the lungs with fresh air. The relation of 
the two types of movement to each other is by no means constant. ‘There 
may be only single lung movements interrupting the rhythm of the 
oscillations, and this appears to be the commonest condition. There may 
be complete absence of lung movements as, for example, at low tem- 
peratures. The lung movements may be very frequent, occurring in 
groups without oscillations during the groups. The nostrils may open 
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with each lung movement, allowing the air to pass from the lung to the 
outside. In addition, abnormal types of respiration occur which will be 
referred to later. 

These respiratory movements depend on centres in the brain, and 
according to Babak a centre in the medulla controls the lung movements 
while a higher centre, probably in the mid-brain, is responsible for the 
oscillations. 

METHODS 

The general method used was to record the respiratory movements of 
the frog in response to the administration of gas mixtures containing 
varying amounts of oxygen and carbon dioxide. The frogs used were Rana 
esculenta and the experiments were mostly done with spring and summer 


frogs. The records obtained with normal animals were compared with 


those obtained on animals in which various procedures had been carried 
out with a view to eliminating possible reflex sources of stimulation. 

As regards the actual recording of the respiration there are the two 
more or less independent sets of movement—the oscillations and the 
lung movements. It is evident that the lung movements have not the 
same significance as the mammalian lung movements for several reasons. 
They are in themselves incomplete, i.e. without the oscillations they 
cannot lead to a continued ventilation of the lungs. Furthermore, since 
the same air may pass to and fro several times between lungs and mouth 
cavity, the actual pulmonary ventilation would be of little significance. 
There is also the skin respiration going on continuously independent of 
any respiratory movements. Nevertheless, it was decided to record the 
lung movements and use them as a criterion of activity of the respiratory 
centre, since they are most likely to be analogous with the respiratory 
movements of the mammal. The oscillation movements were not recorded 
since it was found that attempts to do so interfered with the movements 
themselves, and also the type of movement is rather different from any 
process in mammalian respiration. The results will show how far this 
view has been justified. 

Many complicated methods have been evolved for the ae of 
the frog’s respiration. Most of these, as Babak [1921] has pointed out 
in his review, have the great disadvantage that they involve some 
operative interference, such as cannulation of the lungs or nostrils, which 
disturbs the normal respiratory processes. It was especially desired to 
avoid all such procedures and also the use of any anaesthetic or narcotic 
which might have an influence on the respiratory centre. Accordingly 
the following technique was employed. A small rubber bag was fitted 
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round the body of the frog, which was unanaesthetized and in every way 
quite normal. The bag was held in position by a rubber jacket which 
fitted the animal loosely, and was connected with a 1 c.c. float volume 
recorder, As the movements were very delicate they were recorded 
photoelectrically, a selenium cell and valve amplifier being used, and 
the movements recorded with a Weston relay. Since it was of importance 
to keep the magnification of the movements constant throughout an 
experiment, and since movements of the frog other than respiratory ones 
would alter the zero position of the float recorder, an arrangement was 
provided so that the connexion between the frog and the recorder was 
automatically opened at regular intervals so that the pressure came to 
atmospheric and the recorder back to a constant zero position. The frog 
with the rubber bag was enclosed in a glass chamber, where it was under 
direct observation. Through the chamber a constant stream of air was 
circulated, and for the air other gas mixtures could be substituted as 
desired. A sampling tube led from the chamber directly to a Haldane’s 
gas analysis apparatus, so that analysis could be made of the composition 
of the air to which the frog was exposed. For experiments involving 
changes in temperature, the required alteration was made by heating 
the air passing into the chamber. 

It was found that this arrangement gave satisfactory results and 


the frog usually remained quite still and appeared normal..Any other 


movement other than the respiratory ones were of course also recorded, 
but these were readily distinguishable by their greater amplitude, and 
their irregularity; they were also directly observed and noted. 

An examination of the records reproduced shows a considerable 
variation of the normal respiration both as regards amplitude and 
frequency. The differences in amplitude from experiment to experiment 
are not of significance, since only flank movements are recorded, and 
the size of the movement will depend in each case upon the precise 
position of the rubber bag relative to the animal’s body. The alterations 
in frequency are in accordance with what has already been pointed out, 
namely, the great irregularity of the lung movements. In each case the 
effects produced by any particular gas mixture is seen as a relative 
increase or decrease in amplitude or frequency of the respirations. 

The various operative procedures to be described for deafferenting 
the respiratory centre were carried out under ether anaesthesia, In all 
cases where respiration was tested after operation several days were 
allowed to elapse for recovery from the operation and anaesthetic before 
the respiration was investigated. tne 
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| REsvULTs 

The two important cases investigated were the response to increased 
amounts of carbon dioxide and to oxygen lack. The important question 
in each case is whether the response observed is due to a central or a 
peripheral action. There is here a possibility of confusion of terminology, 
as the term “peripheral action” in this sense in mammals refers only to 
receptors in the carotid sinus or aortic areas, while in the case of the 
frog it has been used to mean stimulation from the skin or mucous 
membranes without any reference to the carotid sinus. In the following 
discussion of the effects of carbon dioxide excess and oxygen lack the 
term peripheral action will be used in the same sense as in the literature 
on the frog, i.e. to denote effects originating at the surface of the body, 
while the term central action shall include possible effects through the 
carotid or aortic areas. At a later stage an attempt will be made to 
distinguish between the effects originating in these chemoreceptors and 
those produced through medullary centres directly. The effects of carbon 
dioxide excess and oxygen lack will be discussed separately. 


Excess of carbon dioxide 


It can be readily shown that if a frog is put into an atmosphere 
containing a relatively high concentration of carbon dioxide it shows 
increased respiratory movements, but there is doubt as to the cause 
of the production of hyperpnoea and also few figures are available in 
regard to the sensitivity. Von Budenbrock [1928] gives 10% as the 
concentration of carbon dioxide necessary to produce hyperpnoea, and 
in most of the work done apparently high concentrations have been used. 
In these experiments it has been found that the sensitivity is much 
greater. A considerable increase in respiratory activity is constantly 
produced by 5% carbon dioxide, and definite effects by as low as 2%. 
Records illustrating the effects of carbon dioxide in several different 
frogs are shown in Fig. 1. It is seen that the first effect is not a hyperpnoea, 
or at least the hyperpnoea does not begin immediately. There is usually 
a short delay up to about 2 min., or there may be a definite initial 
inhibition of respiration. It would appear, therefore, that carbon 
dioxide has two effects, an initial inhibitory one and later a stimulatory — 
action. In the two records in Fig. 1, in which the frog was exposed to 
the higher concentrations of carbon dioxide, the large movements during 
administration of the gas were caused by general body movements other 
than respiratory ones. These are most marked in the case of 8-9 % carbon 
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dioxide. With still higher concentrations these movements were so 
marked as to render recording of respiration impossible. After the initial 
inhibition and irregular movements, a regular hyperpnoea follows and 
only slowly returns to normal again. 


Fig. 1. Effect of carbon dioxide, A, 29%; B, 4-7%; and C, 8-9% respectively, on the 
respiratory movements of normal frogs. In these and subsequent records the signals 
show the time of administration of the carbon dioxide or other gas, the time when this 
was discontinued and between these the period during which a sample of gas was taken 
for analysis. The results of the analysis are also indicated. In B and C the large 
movements during and just subsequent to the administration of carbon dioxide are 
due to movements other than respiratory ones. Time in 10 sec. intervals. 


There has been some doubt about accepting the stimulating action 
of carbon dioxide on the respiration as being due to a central action; 
and it has been ascribed to action on the skin or mucous membrane of 
the mouth. Winterstein [1900] claimed to have settled the question by 
exposing the spinal cord, painting it with 2% carbolic which was said 
to paralyse the sensory elements without affecting the motor, and then 


showing that carbon dioxide produced no hyperpnoea. Such an experi- 


ment is associated with a great deal of shock and trauma and there is 
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also the possibility of absorption of phenol. Other methods were 
therefore sought in order to cut off peripherally originating impulses. 

The possible sources of such impulses are: 

(1) the general surface of the skin, supplied by cutaneous nerves, 
which reach the medulla by the spinal cord ; 

(2) the skin of the head in particular, the conjunctiva or other parts 
supplied by the Vth cranial nerve; 

(3) the mucous membrane of the mouth supplied chiefly by the 
palatal branches of the VIIth nerve and by the glossopharyngeal nerve. 

These possibilities were examined in turn as follows. A frog was 
anaesthetized with ether and decerebrated by removing the roof of the 
cranium and cutting off the cerebral hemispheres. The skin was now 
completely removed from the whole body after ligature of its main 
vessels, and also as far as possible from the head, being cut close to the 


eyes; nostrils and edges of the jaws. A number of the animals recovered — 


from the anaesthetic and assumed a normal posture and in a few cases 
they survived long enough for respiration to be tested. The result of one 
such experiment is seen in Fig. 2 A, and it is evident that the adminis- 
tration of carbon dioxide is followed by a hyperpnoea, the source of 
which could not be receptor organs in the skin. A similar result was 
obtained in three separate animals, and in a number of cases where 
carbon dioxide produced no effect the animal was ‘found to be moribund. 

Other less drastic methods of removing the cutaneous influence on 
respiration were also tried. The frog was painted over with a solution 
of 5 % pereaine, and after a minute or so washed with water. If this was 
not done quickly, enough pereaine was absorbed to produce general 
effects. Fig. 2 B shows the response to carbon dioxide of a frog treated 
with percaine, and again it is evident that a hyperpnoea follows. This 
experiment is rather unsatisfactory in that one has no means of testing 
whether the skin is completely anaesthetized or not. 

A more certain way of removing the skin impulses is to divide all the 
nerve pathways involved. The frog was anaesthetized with ether. The 
articulation between the Ist and 2nd vertebrae was located and the 
spinal cord divided between them with the points of a pair of scissors. 
Since it was uncertain whether the second spinal nerve was thus 
separated from the medulla the brachial nerve and its roots as far 
as possible were divided from the ventral side. The ophthalmic and 
maxillary divisions of the Vth cranial nerve were then divided. This is 
readily done through an incision posterior and medial to the eyeball. 
The maxillary division is first isolated as a common trunk containing 
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also the siiianibaiin division. It is followed laterally till it divides and 
then the anterior division—the maxillary branch—is cut. The mandibular 
division must be left intact, since it supplies the masseter muscles and, 
if divided, the lower jaw drops and normal respiration is impossible. As 


Fig. 2. A, effect of 4-5% carbon dioxide on respiration of decerebrated frog after removal 
of the akin. B, effect of 4-2% carbon dioxide after painting the skin of a frog with 
5% percaine. C, effect of 6-3% carbon dioxide on respiration after section of spinal 
cord, ophthalmic and maxillary divisions of Vth nerves, rami palatini of VIIth nerves, 
‘and [Xth nerves. Time in 10 sec. intervals. 


it is said to contain few sensory fibres [Gaup, 1896] it is assumed that 
it cannot play a great part in carrying cutaneous impulses, The skin 


incisions were sutured and after eenrveny from the sat the 
respiration was tested. 
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Preparations of this kind were made and tested for the response to 
carbon dioxide, and in all cases hyperpnoea resulted. 

It seems, therefore, unlikely that the skin is the source of reflexes 
responsible for the carbon dioxide hyperpnoea. The mucous membrane 
of the mouth was next investigated. This was denervated by cutting the 
rami palatini of the VIIth nerves, the glossopharyngeal nerves, and the 
first two divisions of the Vth nerves. The ramus palatinus can be cut 
from the roof of the mouth by making a small central incision in the 
mucous membrane. The glossopharyngeal nerves are cut from the 
ventral side. A transverse crescentic incision is made in the skin and 
body wall at the level of the sternum. If now the upper edge of the 
incision is lifted up, the branches of the aorta can be followed. The 
glossopharyngeal and hypoglossal nerves are seen in close relationship 
to the glomus caroticus and the glossopharyngeal nerves are divided 
distal to the glomus caroticus. The first two divisions of the Vth are 
divided as they send branches which communicate with the ramus 
palatinus of the VIIth. The denervation of the palate leaves unaltered 
the hyperpnoea in response to carbon dioxide, The palate denervation 
was then combined with the skin denervation, and Fig. 2C shows the 
response to carbon dioxide of a frog in which the spinal cord had been 
divided, together with the brachial nerve, the first and second divisions 
of the trigeminal, the rami palatini of the facial and the glossopharyngeal 
nerves. It seems likely that here one has eliminated most of the possible 
superficial reflex sources of the carbon dioxide hyperpnoea. 

The initial inhibitory effect of carbon dioxide on the respiration has 
already been noted, and was now more fully investigated. It would seem 
likely that this effect of carbon dioxide has a reflex origin, as it resembles 
the reflex inhibition of respiration produced in mammals by stimulation 
of the Vth nerve endings. A convenient method of studying this reflex 
was to produce first a slight degree of hyperpnoea and then administer 
the carbon dioxide, when the inhibitory effect was more marked. For 
this purpose the frog was exposed to an atmosphere of about 10% oxygen 
in nitrogen, which, as will be shown in the next part, causes an increase 
in respiration, and during this hyperpnoea carbon dioxide was ad- 
ministered. Attempts were now made to eliminate reflex sources by the 
methods already described and Fig. 3 shows the results obtained in a 
number of cases. It is clear that in no case has the reflex inhibition 

These findings at once raise a question, which is difficult to answer 
satisfactorily. If the inhibitory effect of carbon dioxide, which is 
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probably a reflex one, still persists in spite of the denervations carried 
out, there is presumably some reflex source sensitive to carbon dioxide 
still left, which might also be responsible for the hyperpnoea. To prove 
that the one effect was central and the other reflex would require some 
denervation to be carried out which would abolish the inhibitory effect 


Fig. 3. Records illustrating the inhibitory effects of carbon dioxide on respiration. A, 4-9% 
carbon dioxide administered to normal frog during the mild hyperpnoea produced 
by 91% oxygen in nitrogen. B, 5% carbon dioxide administered to decerebrated 
frog with skin removed. C, 4-8% carbon dioxide and 5% carbon dioxide given after 
section of Vth (first two divisions) rami palatini of VIIth and [Xth nerves. D, frog 
after section of spinal cord, Vth nerve (first two divisions), rami palatini of VIIth and 
TXth nerves. 5-5% carbon dioxide administered during the mild hyperpnoea caused 
by 12% oxygen in nitrogen. In B and C the large movements during administration 
of carbon dioxide were due to movements other than respiratory ones. Time in 
10 sec. intervals. 
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and leave the hyperpnoea. This it has not been found possible to do. 


Some evidence, however, for the fundamental difference between the two 


effects was obtained in the following way. A probable source of the 
inhibitory reflex is in the mucous membrane of the glottis and larynx 
supplied by vagal afferents. It is not possible to denervate these since 


the vagus is also motor to the larynx and the cutting of the vagal 


branches to the larynx interferes with normal respiration. If, however, 
the concentration of carbon dioxide at the nerve endings i is increased 
without increasing the concentration of carbon dioxide in the general 


Fig. 4. Inhibition of respiration by carbon dioxide without subsequent stimulation 
produced by a local increase in carbon dioxide content of the air in the region of the 
nostrils. The signal shows the period during which carbon dioxide was administered. 
Time in 10 sec. intervals. 

atmosphere, the elimination of carbon dioxide through the skin would 

proceed normally and therefore one might expect to get the inhibitory 


effect without any general effect, i.e. without any hyperpnoea. This was | 


done by keeping the frog in an atmosphere of air, and directing with a 


syringe a few c.c. of carbon dioxide to the nostril region. Fig. 4 shows 
the results obtained by such a procedure and here one sees the inhibitory 


effect without any general hyperpnoea. 

Considerable evidence has thus been given for the belief that carbon 
dioxide produces hyperpnoea not by a reflex source originating at the 
body surface, but by some sort of central action; while it also — 
a reflex inhibition probably by vagal afferents in the larynx. 
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Effects of oxygen lack 

Up to the work of Babak [1911] it seemed very doubtful whether 
oxygen lack could stimulate respiration in the frog. Rosenthal [1864] 
had described a hyperpnoea in response to diminished oxygen pressure, 
but other workers [Aubert, 1882; Sokolows & Luchsinger, 1880; 
Pfliiger, 1875] described the effects of oxygen lack on frogs without 
mentioning an acceleration of the respiratory rhythm. Bethe [1903] 
concluded that the respiratory centre of the amphibian is essentially 
different from that of the higher animals in regard to chemical control 
of respiration. Babak reinvestigated the question and found definitely 
that the frog increased its respiration in response to oxygen lack. He 
obtained these results by careful observation of the animal without any 
attempt to record the actual movements, and the failure of others to 
obtain similar findings he attributed either to the employment for 
recording the respirations of methods which interfered with the normal 
movements, or to the failure to distinguish between the two types of 
movements, the oscillations and the lung movements, since in the anoxic 
hyperpnoea only the latter are increased, the former being actually 


reduced. Babak produced the anoxaemia by putting the animal in an 


atmosphere of hydrogen, and according to him the following course of 
events occurred. There is first a decrease of the oscillation movements. 
This is accompanied by gradual increase in the lung movements both 
in amplitude and frequency. The lung movements may then occur in 
isolated groups. Later a new type of lung movement occurs in which 
air is forced into the lungs several times without being permitted to 


escape between, so that the animal blows up its lungs. The oscillations _ 


may now disappear altogether, and the lung movements themselves 
become less frequent. At this stage Babak readmitted air, and now an 
uninterrupted rhythm of lung movements began which only gradually 
became reduced in frequency and amplitude. The oscillations gradually 
returned and ultimately normal respiration was again established. Babak 
claimed that two stages of hyperpnoea are represented, the first is the 
increase in lung movements at the beginning of the experiment, the 


second is the steady rhythm of lung movements after air has been ~ 


readmitted. Between these two is a stage of depression during which 
the centre is depressed by oxygen lack. 

These results of Babak’s have been confirmed in these experiments, 
and are illustrated in the records shown (Fig. 5), which are, it will be 
remembered, only the lung movements, and do not take into con- 
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sideration the oscillations. The first change is a gradual increase in the 
lung movements. Later these become grouped into periods. It was found 
that if one continued ‘until the lung movements became less frequent 
there was usually some general excitation and body movements, which 
interfered with the recording, so that air was usually readmitted when 
the definite periodic breathing had set in. On readmitting the air a great 
increase in respiration occurred which only gradually diminished—the 
uninterrupted rhythm described by Babak. 


Fig. 5. Effects of anoxia‘on the respiration of normal frogs, produced by administration 
of nitrogen. Time in 10 sec. intervals. 


It is reasonable to conclude, as Babak concluded, that this picture 
represents a hyperpnoea comparable to that seen in higher animals. | 
What appears especially interesting is that one can see the transition 
from stimulation to depression of the centre, as represented by the 
periodic breathing, and again, the transition from depression to stimu- 
lation when the air is readmitted. The assumption is that the oxygen 
can diffuse through the skin on readmission of air and thus the centre 
can recover sufficiently to be able to respond to the diminished oxygen 
supply. Such an effect is only possible in an animal which has a second 
means of maintaining its gaseous exchanges apart from the lungs. 

The hyperpnoea in these cases was produced by passing nitrogen 
into the chamber. A further series of experiments was now carried out 
to determine the effects of lesser degrees of anoxia, with a view to 
estimating the sensitivity of the centre to this form of stimulation. 
Fig. 6 shows the response to various oxygen tensions in different animals. 
It will be seen that about 10% oxygen is sufficient to produce a definite 
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increase of respiration. As a rule with these lesser degrees of oxygen lack 
there is only stimulation without a stage of depression, as presumably 
the threshold of damage to the centre is not exceeded. In a few cases 
the response to even 10% oxygen was in the nature of definite periodic 
breathing (Fig. 6), but this was the exception rather than the rule. It is 


Fig. 6. Effects of partial anoxia (10-4% oxygen, 6% oxygen, 6% oxygen and 11% oxygen 

_ in nitrogen respectively) on respiration of normal frogs. At M the mixture of oxygen 

and nitrogen was administered. The lowest record shows definite periodic breathing 
produced by 11% oxygen in nitrogen. Time in 10 sec. intervals. | 


evident then that not only can the respiration of the frog be stimulated 


by oxygen lack, but also that the sensitivity is not greatly different from 
that of the mammal. 

Since Babak accepted Winterstein’s evidence that carbon dioxide 
produced no central effect, he concluded that oxygen lack must be 
fundamentally different from carbon dioxide excess in its effects on the 
medulla, and furthermore he decided that the oxygen tension in the 
frog’s blood is the factor controlling respiration. He sought to confirm 
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this by experiments on the effects of temperature, and found that a rise _ 
in temperature produced a hyperpnoea similar to that of oxygen lack. 
Such a hyperpnoea had two possible sources. The increased temperature 
would increase metabolism, increase the usage of oxygen and production 
of carbon dioxide, and the diminished oxygen content of the blood would 
stimulate respiration. (He assumed that carbon dioxide had no central 
action.) The second possibility was a direct effect of temperature on the 
respiratory centre. To differentiate between these possibilities he warmed 


Fig. 7. A, respiratory movements of normal frog in air at 36°C. B, the same frog in 
atmosphere of oxygen at 36°C. C, effect of replacing air by oxygen during the 
hyperpnoea produced by rise in temperature, and of subsequent change to air again. 

Time in 10 sec. intervals. 


the head alone and found no increase in respiration. He considered this 
as evidence supporting the control by oxygen lack, but did not think it 
complete enough to be decisive. 

We repeated Babak’s temperature experiments and found that an 
increase in respiration followed a rise in temperature. Usually a definite 
increase occurred when the temperature in the chamber rose from room 
temperature, about 18-20° C., to about 27° C., but whether the frog had 
attained this temperature or not was not known. On cooling the chamber 
the respirations returned to normal. 

The experiment was now repeated in an atmosphere of oxygen instead 
of air, the stream of oxygen being warmed as it entered the chamber. 
There was now no increase in respiration. Fig. 7 shows the contrast of 
the effects in oxygen and in air. The same thing was more strikingly 

PH. XOV. | 21 
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shown by warming the frog in air and during the hyperpnoea sending 
in oxygen without altering the temperature. The hyperpnoea appears to 
be controlled by the presence or absence of oxygen. That the effect of 
temperature on the respiration is caused by oxygen lack would indicate 
that the effect of oxygen lack is not on peripheral structures but depends 
also on a central mechanism. This was further shown by the fact that 
hyperpnoea could be produced by oxygen lack in the preparation which 
has been described in the carbon dioxide experiments, i.e. after cutting 
spinal cord, Vth and VIIth nerves and glossopharyngeal nerves. 

There is thus evidence for believing (1) that the frog shows a true 
hyperpnoea in response to oxygen lack, (2) that the effect is not due 
to a reflex originating at the surface of the body, but is of central origin, 
(3) that the increased respiration produced by a rise in temperature 
depends on the anoxaemia produced and is not due to the direct effect 
of temperature on the medulla. 


chemical regulation of the respiration of the frog 

It has been shown that an increase in respiration in the frog can be 
produced by either an increase in the carbon dioxide pressure or a 
decrease in the oxygen pressure in the air breathed. The effect in each 
case appears to depend not on reflexes originating at the surface of the 
body, but on central mechanisms. The findings would fit in with the 
assumption of centres controlling the respiration of a similar nature to 
those in the mammal. The case of the temperature experiments seems 
at first sight an exception to this hypothesis, as here the increase in 
respiration was seen to be dependent on oxygen lack; whereas if the 
centre were similar to the mammalian one it might be supposed that 
the carbon dioxide produced as the result of the increased metabolism 
would have more effect on respiration than a corresponding degree of 
anoxaemia. A plausible answer is given by a consideration of the effect 
of the skin respiration. The respective roles of the skin and lungs in the 
gaseous exchanges have been studied by Krogh [1904] who estimated 
the amounts of oxygen and carbon dioxide taken up and excreted 
through the skin and lungs at different seasons of the year. He found 
that, apart from the breeding season, the lungs play a relatively small 
part in respiration. During this period the oxygen taken up by the lungs 
rises to a high peak. On the other hand, the oxygen taken up by the 
skin remains constant throughout the year. In contrast to this the 
carbon dioxide excretion through the skin rises at the breeding season, 
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as does that also through the lungs, the latter remaining, however, at 
other seasons of the year extremely low. 

_ The following explanation seems to fit the facts better than shone 
quoted by Babak, viz. retention of carbon dioxide in the lungs [Krogh], 
vasomotor changes in the skin [Maar] or action of glands in the skin 
[Harley]. The oxygen intake in the skin represents the maximum 
possible at the normal oxygen tension of the atmosphere. Consequently 
increase in oxygen intake can only be provided by the lungs which are 
stimulated by the oxygen lack acting on the centre. The carbon dioxide 
exoretion through the skin at quiescent periods of the year does not 
represent the maximum possible rate of diffusion, as is proved by the 


_ fact that it rises during the breeding season. An increase in carbon 
- dioxide production leads, therefore, to an increased excretion through 


the skin alone without the assistance of the lungs. ‘The fact that the 
carbon dioxide excretion by the lungs does rise in the breeding season 
follows automatically from the increased pulmonary ventilation, which, 
however, is brought about by the oxygen lack. Thus the lung movements 


are regulated by oxygen lack and not by excess of carbon dioxide. If the 
frog is exposed to an atmosphere containing an increased amount of 


carbon dioxide the excretion of carbon dioxide by the skin is reduced, 
the carbon dioxide in the blood rises and respiration is stimulated. 

A consideration of the anatomy of the circulation shows more clearly 
the sequence of events. The venae cavae bring to the sinus venosus 
venous blood from the body generally and also blood from the skin 
through the venae cutanae magnae. The blood from the skin has already 
given off much of its carbon dioxide, so that the mixed venous blood 
entering the heart has already lost a considerable amount of its carbon 
dioxide. This blood collects in the right auricle while the oxygenated 
blood from the lungs collects in the left auricle. During ventricular 
systole the blood from the two auricles is not mixed, but is so directed 
by the time relations of the events of the cardiac cycle and a complicated 
system of septa in the truncus arteriosus, that the first blood to be ejected 
from the heart is the most venous and goes to the pulmocutaneous 
artery. The last phase of ventricular systole ejects the oxygenated blood 
from the left auricle, and this goes to the carotid artery. Between these 
extremes the blood, partly venous and partly arterial, goes to the aorta. 
It thus happens that blood containing a high percentage of carbon 
dioxide never enters the carotid, unless the skin elimination is interfered 
with. On the other hand, oxygen lack will at once affect the blood from 
the lungs, and therefore the blood ne yee artery. The fact 
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that the production of carbon dioxide does not control the respiration 
is not due to the insensitivity of the centre to carbon dioxide, but to the 
vascular arrangement and the excretion of carbon dioxide by the skin, 
so that the blood containing excess carbon dioxide never arrives at the 
parts supplied by the carotid artery. 
| The carotid sinus mechanism 

It has been made clear that in demonstrating a ‘“‘central” control 
of respiration in the frog, no distinction has been drawn between the 
centre situated in the medulla and possible extra-medullary chemo- 
receptors such as would correspond with those in the carotid and aortic 
regions in the mammal. It is now necessary to investigate whether such 
peripheral receptors are present in the frog and if so, what part they 
contribute to the chemical control of respiration. This possibility is 
suggested by both morphological and experimental evidence. Koch 
[1931] pointed out that the sensory areas in the carotid sinuses and aorta 
were derived from parts of the branchial arches of the embryo. This 
would suggest a similar function in all vertebrates for structures of the 
same derivation and, since the source of derivation is the branchial 
arches, would suggest a respiratory function. Experimental evidence 
on the similarity of the functions of the branchial arches and of homo- 
logous structures in higher vertebrates exists, but concerns mostly the 
circulatory functions. Lutz & Wyman [1932] showed that increase in 
pressure in the branchial vessels could produce cardiac inhibition in the 
elasmobranch. Irvine, Solandt & Solandt [1935] recorded the action 
potentials in all five branchial nerves in the dogfish in response to increased 
pressure in the branchial vessels. As regards the amphibian, Kuno & 
v. Brucke [1914] showed that, in the frog, changes in intra-aortic pressure 
could affect the blood pressure and heart rate, and they took this to be 
analogous with the depressor reflex in mammals. The main interest in 
the frog, however, is in connexion with the carotid sinus region. There 
is situated at the bifurcation of the common carotid artery of the frog 
a small swelling known as the glandula carotica. To this structure have 
been ascribed various functions, chief of which was the regulation of the 
blood flow so that the carotid artery receives the blood from the last 
phase of ventricular contraction. Another suggestion has been that of 
an accessory heart. It is especially interesting now to note that Huschke 
[1831] traced its development from one of the gill arches of the tadpole 
and suggested that it probably had a respiratory function. Its develop- 
ment has been studied in more detail by Maurer [1888] and Marshall 
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[1893], and these authors have described it as coming from the third 
branchial arch, i.e, the same one as the carotid sinus in the mammal. 
Meyer [1927] showed that it receives fibres from the glossopharyngeal 
nerve and also that a stimulation of this nerve proximal to the gland 
caused a fall in blood pressure while stimulation distal to the gland had 
no effect. Boyd [1933] demonstrated the close relationship of the 
developing carotid gland in the tadpole to the nerve of the third branchial 
arch and suggested the possibility of its functional similarity to the 
carotid sinus of the mammal. Ask-Upmark [1935] in a comprehensive 
study of the carotid vascular arrangements in a wide range of vertebrates 
concluded that morphologically the carotid gland of the frog was homo- 
logous with the carotid sinus of the mammal. It remains therefore 
to investigate whether respiratory reflexes can be shown to originate 
in thia structure. | 
Experiments on the carotid gland 

The method of investigation was to record the respiration of the frog 
in response to carbon dioxide and anoxia as has already been described, 
before and after denervation of the carotid gland with or without 
denervation of the aortic areas. The denervation was carried out under 
ether anaesthesia. The carotid regions were exposed by a crescentic 
excision of the skin and body wall at the level of the sternum, and then 
by pulling up the sternum and body wall the carotid gland was freed from 
surrounding structures so that its only attachments were the common, 
external and internal carotid arteries. If desired the aortic arches and 
the origins of the pulmocutaneous arteries were cleaned, the vagus being 
separated from the vessels but not divided. In some cases the parts to 
be denervated were also painted with either absolute alcohol or phenol. 
They were then washed with saline and the incision sutured. At least 
24 hr. was allowed for recovery and the respiration was tested. The 
operation was accompanied by a considerable mortality and of the 
surviving animals only those were tested which appeared normal and 
responded briskly to cutaneous stimulation. 


Results obtained 
As no accurately comparable measurements of the respiration were 


_ possible, the differences in the behaviour of the animals before and after 


denervation can only be judged from the general appearance of the 
records obtained. As regards carbon dioxide, the response of the 


denervated animals did not appear to differ definitely from the same 
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animals before denervation. The impression was gained in a number of 
cases that the sensitivity was reduced, but that the animals could still 
respond there was no doubt. Fig. 8 shows records obtained in such 
experiments. 

As regards the effects of oxygen lack there was a definite reduction 
in the hyperpnoea following denervation. This varied from almost 
complete absence of response to a greatly diminished response in com- 
parison with that previously obtained. The eighteen frogs which were 
tested after denervation included seven in which the vessels had been 
cleared but not otherwise treated, five in which the vessels had been 


Fig. 8. A, effect of 8°7% carbon dioxide on respiratory movements after denervation of 
carotid gland by painting with phenol. B, effect of 5-35 % carbon dioxide after cleaning 
aortic arches and carotid gland. The large movements in A during administration of 
carbon dioxide are due to movements other than respiratory ones. Time in 10 sec. 


cleared and painted with absolute alcohol and six in which the vessels 
had been cleared and painted with phenol. In sixteen of these there was 
definite reduction of the response; in the other two there was little 
difference before and after denervation. In nine of the experiments 
_ which showed a diminution in the anoxic response the glands alone had 
_ been denervated with as little disturbarice as possible of the aortae. 
In one of the two cases where there was no diminution in the response 
this had also been done. It appeared therefore that the carotid gland 
was of more importance than the aortic region in the response to 
anoxaemia. Fig. 9 illustrates records obtained in one experiment. These 
show a comparison of the effects of carbon dioxide and oxygen lack in 
a frog before and after denervation of the carotid gland. 
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The records itidicate’that the glandula carotica plays a very definite — 
part in the response to anoxia; while the hyperpnoea in response to 
carbon dioxide seems to be almost if not quite independent of it. It is 
also seen that the centre itself can respond to some extent to oxygen 
lack, even after denervation of the possible reflex sources. 


Discussion 

These results show a much closer relationship between the amphibian 
and mammalian respiratory control than has hitherto been advanced. 
The respiratory centre of the frog, like that of the mammal, is sensitive 
to changes in both the carbon dioxide and oxygen content of its blood 
supply. The fundamental difference lies rather in the elimination of 
carbon dioxide by the skin in the frog, and not in the centre itself. 

It has also been shown that the derivatives of the branchial arches 
take a part in the control of respiration in the frog; so that the glandula 
carotica is in this respect homologous with the carotid body of the 
mammal. The results obtained may be compared with the very similar 
chronic experiments in mammals by Schmidt [1932], Gemmill & Reeves 
[1933], Wright [1936] and Smyth [1937]. In the frog, just as in the 
mammal, the response to carbon dioxide remains after denervation of 
the carotid area; while that to oxygen lack is greatly reduced. The 
difference in the case of oxygen lack is a much more rapid depression of 
respiration in the mammal, and from this it would seem that the centre 
of the frog is more robust and less easily damaged by oxygen lack. It is 
also of interest to note that the carotid area is more important _ the 
aortic area in the frog, as has been found in the — 


SuMMARY 


1. A method has been described for inieatiaaiian the respiration of 
the frog and the effects of carbon dioxide and oxygen lack. 

2. Carbon dioxide produces two effects, an initial inhibitory one 
probably depending on vagal afferents in the larynx, and a general 
stimulating effect of central origin. 

3. Oxygen lack also produces a hyperpnoea and this depends at least 
partly on reflexes originating in the glandula carotica: There is thus 
evidence that the glandula carotica of the frog is analogous in this 
respect with the carotid body of the mammal, 

4. There is no reason to assume that the respiratory centre of the 
frog is fundamentally different from that of the mammal, On account 
of the excretion of carbon dioxide through the skin, however, and because 
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of the special vascular arrangements, the depth of pulmonary respiration 
is regulated by the degree of oxygen required, and not by the amount 
of carbon dioxide produced. 


_ My thanks are due to Mr J. R. Squires for assistance with the photoelectrical recording. 
_ ‘The expenses of this investigation were defrayed by a grant from the Thomas Smythe — 
Hughes Medical Research Fund. 
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THE EFFECTS OF STIMULATION OF THE CERVICAL 
SYMPATHETIC NERVE AND THE SUPERIOR 
CERVICAL SYMPATHETIC GANGLION 
ON THE BLOOD SUGAR 


By M. HILL anp W. v’A. MAYCOCK? 
From the Bernhard Baron Laboratories, Royal College of Surgeons of England 
(Received 21 December 1938) 


Recent work has shown that there is a close relationship between the 
pituitary gland and carbohydrate metabolism. In view of this, an 
attempt has been made to investigate the possible influences of the 
cervical sympathetic nerves on that part of the secretory activity of the 
pituitary gland connected with carbohydrate metabolism. 

The nervous connexions of the pituitary gland have been the subject 
of many papers. Berkley [1895] showed nerve fibres, with ramifications 
between the cells in the anterior pituitary, which he believed were of 
sympathetic origin, and Dandy [1913] demonstrated sympathetic nerves 
from the carotid plexuses which passed along the vessels of the stalk to 
the anterior pituitary lobe. Pines [1925a] described a thick pericellular 
network with occasional coarse varicose thickenings, derived from the 
sympathetic fibres of the carotid plexus. The small fibres of the end nets 
are stated to possess fine node-like thickenings which lie against the free 
surface of the cells. Hair [1938] found that fibres from the carotid plexus 
entered the anterior pituitary directly by passing along blood vessels 
into the glandular tissue or indirectly by accompanying the blood vessels 
of the pars tuberalis, from which they entered the anterior lobe. But he 
was unable to demonstrate the pericellular nets of Pines, although he 
saw in favourable preparations occasional knob-like enlargements and 
club-like terminal pieces lying against the epithelial cells of the gland. 
He also showed, in confirmation of Penfield & Chorobski [1932], that 
removal of beth superior cervical sympathetic ganglia does not appre- 
ciably diminish the number of fibres demonstrable by histological 
methods in the gland, and suggests that some of the non-myelinated 
fibres of the anterior lobe are parasympathetic in origin and reach the 
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gland via the carotid plexus from the glosso-palatine nerve. He believes 
that sympathetic fibres do not reach the gland from the plexuses on the 
vertebral arteries. Cajal [1911], Pines [19256], and Greving [1926] have 
demonstrated the nervous connexion between hypothalamic nuclei and 
the pars nervosa and pars intermedia, but Pines [19255] was unable to 
trace hypothalamic fibres into the anterior pituitary. Hair [1938] was 
able to trace a few fibres arising from the hypothalamic nuclei, which 
reached the anterior lobe of the gland and ramified extensively es 
the epithelial cells. | 

The anatomical evidence of a rich autonomic nerve supply of the 
anterior pituitary lobe has led many workers to attempt to demonstrate 
its functions. Most of these have concerned themselves with the ovulatory 
response to copulation in the rabbit; a few have investigated the effect 
of stimulation of the cervical sympathetic nerve and superior cervical 
sympathetic ganglion on the level of blood sugar. 

Weed, Cushing & Jacobson [1913] produced glycosuria in animals by 
stimulation of the superior cervical sympathetic ganglion and came to 
the conclusion that this was effected by liberation of a pituitary hormone 
thrown out by nerve impulses acting on the hypophysis, more particularly 
the posterior lobe. These authors found, on the other hand, that stimula- 
tion of the cervical sympathetic nerve did not produce glycosuria, and 
explained their failure either by a rapid degeneration of the pre- 
ganglionic fibres, or by the presence of undescribed fibres which must 
leave the spinal cord high in the cervical region and make some direct 
connexion with the superior cervical ganglion. They stated that the 
amount of ether required for anaesthesia was not sufficient alone to 
account for the glycosuria. 

Shamoff [1916] agreed that it was possible to obtain glycosuria after 
stimulation of the cervical sympathetic ganglion. He used ether as his 
anaesthetic in some experiments, and, according to his protocols, 
glycosuria apparently appeared almost immediately after the stimulation 
of the ganglion, It is most probable that this glycosuria was due to 
ether; a similar glycosuria was also found by Shamoff in animals 
anaesthetized with urethane, which, as Elliott [1912] showed, produces 
a discharge of adrenaline. 

Recently Davis, Cleveland & Ingram [1935] have reported glycosuria 
and hyperglycaemia after stimulation of the superior cervical sym- 
pathetic ganglion but not after stimulation of the cervical sympathetic 
nerve, Out of seven cats under nembutal and amytal anaesthesia (1 : 1), 
in which the superior cervical sympathetic ganglion was stimulated 
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by shocks from an induction coil, five had an average final blood sugar, 
after stimulation, of 251 mg. %; the initial average blood sugar was 
104 mg. % so that a rise of about 150mg. % was thereby obtained. 
They do not state, however, how long after the beginning of stimulation 
this rise occurred, nor do they give the time over which they followed 
the blood sugar, or the intervals at which samples were taken. Three of 
their animals only showed heavy glycosuria, one moderate and one 
slight. Ten days after section of the splanchnic nerves in three cats, 
stimulation of the superior cervical ganglion no longer gave a significant 
rise of blood sugar. In five control animals under nembutal and four 
animals under amytal anaesthesia, the blood sugar did not rise above 
150 mg. %. In two normal cats the cervical sympathetic trunk was 
stimulated, but no glycosuria was obtained. No explanation is given 
why stimulation of the cervical sympathetic nerve should produce 
different effects from stimulation of the superior cervical sympathetic 
ganglion. The blood sugar rose from 98 to 132 mg. % which they consider 
was within normal limits. Finally, after making bilateral symmetrical 
lesions in the hypothalamus of three cats, no hyperglycaemia or glyco- 
suria was obtained on stimulation of the superior cervical sympathetic 
ganglion. Davis and his collaborators suggest that “the hypophysis is 
stimulated by impulses reaching it over fibres from the superior cervical 
sympathetic ganglion with synapses in the hypothalamic nuclei, and 
that its secretion is then thrown into the blood stream and produces its 
effects on the glycogen storehouses in the body”. Rabens & Lifschitz 
[1915] repeated the work of Weed e¢ al. and showed that the mere 
preparation of the superior cervical ganglion under ether anaesthesia 
was sufficient to produce glycosuria. Though Weed and his co-workers 
had already pointed out that mere manipulation of the superior cervical 
ganglion might provoke glycosuria, Rabens & Lifschitz criticized their 
work on these grounds, and suggested that their results were due rather 
to the conditions of the experiment than to the stimulation of the 
superior cervical ganglion. Accordingly, Rabens & Lifschitz isolated the 
cervical sympathetic nerves in rabbits, cats and dogs, and brought the 
peripheral ends of these nerves through the wound in the neck. The 
nerves were then stimulated without anaesthesia, 8-24 hr. after the 
operation, and the urine collected. Under these ‘physiological con- 
ditions” no glycosuria or hyperglycaemia could be demonstrated. More 
recently, Hsieh [1938] reported that stimulation of the cervical sym- 
pathetic nerve in cats under chloralose anaesthesia causes a hyper- 
glycaemia; after hypophysectomy, performed in the course of an acute 
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experiment, stimulation was ineffective. He considered a rise of blood 
sugar of 10% significant. No control experiments are described. 

We have reinvestigated this problem in the anaesthetized animal 
because (1) the earlier experiments have been performed under unsuitable 
anaesthesia, (2) the blood sugar has not been followed at short intervals 
over a long period of time, and the blood-sugar methods used by the 
earlier workers were crude compared with those available to-day, (3) no 
mention of temperature regulation was made, (4) more refined methods 
of stimulation are now available, and (5) we wished to confirm or 
disprove the statement that stimulation of the superior cervical sym- 
pathetic ganglion produced results different from those obtained on 
stimulation of the cervical sympathetic nerve. 


METHODS 


Cats were used throughout. In the early experiments anaesthesia — 
‘was maintained by successive intraperitoneal injections of nembutal 
[Abbott], 60 mg./kg. body weight, but we found it difficult to avoid 
variation in the depth of anaesthesia with the attendant danger of 
affecting the blood-sugar level. To overcome this, we used the following . 
method: Anaesthesia was induced by the intraperitoneal injection of 
nembutal 60 mg./kg. body weight, and maintained by the intravenous 
infusion of a solution of nembutal in physiological saline at the rate of 
5¢.c./hr., delivered from a Burn & Dale infusion burette; the strength of 
_ the solution was adjusted so that 5 c.c. contained 7 mg. nembutal/kg. body 
weight. This dose was calculated from the quantity given intraperitoneal- 
ly in earlier experiments over 10-12 hr., as being the amount necessary 
to anaesthetize a cat for 1 hr. The initial intraperitoneal injection was 
usually effective for 2-3 hr.; when signs of recovery appeared (dilatation 
of the pupil, corneal reflex, retraction of the leg on pinching the pad), 
the slow infusion was started and maintained until the end of the experi- 
ment. An even depth of anaesthesia was obtained with this method 
of administration. 

Before operation the subcutaneous tissue of the neck and right groin 
were infiltrated with 1 % novocaine in physiological saline (no adrenaline 
added) to abolish sensory impulses. After operation the exposed tissues 
were covered with cotton wool soaked in novocaine solution; care was 
taken to protect the structure to be stimulated. A tracheal cannula 
was inserted, | : 

The left cervical sympathetic nerve or left superior cervical sym- 
pathetic ganglion was then dissected from the vagus nerve. A short length 
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of nerve (} in.) was first freed from the vagus and crushed to eliminate 
the possible transmission of sensory impulses. A sufficient length of the 
distal part of the nerve was then carefully prepared for the application 
of Collison’s fluid electrode, or, in animals in which the ganglion was 
stimulated, the nerve and the ganglion were gently separated from the 
vagus and insulated from surrounding structures by thin rubber sheeting. 
The electrodes applied to the ganglion were made of silver wire, one piece 
of which pierced the ganglion, the other being hooked round the pre- 
or post-ganglionic fibres. Condenser discharge shocks at 30-50 per sec. 
were delivered from a neon lamp device: in earlier experiments a Lewis 
contact breaker was used as an interrupter in place of the neon lamp. 
The efficacy of stimulation was controlled by recording the contraction 
of the left nictitating membrane. The length of stimulation varied : in some 
animals the nerve was stimulated for three } min. periods at 2 min. inter- 
vals [Davis et al. 1935], in others for ten 2 min. periods with intervals of 
2 min. rest between each, and in other animals stimulation was given 
continuously for periods of 30 min. to 2 hr. Stimulation was not started 
until the blood sugar had stabilized at a constant level (see below). 

The right femoral artery and vein were then dissected after crushing 
the femoral nerve. A cannula was inserted into the vein for the infusion 
of the anaesthetic, and the artery was prepared for the withdrawal of 

blood samples. | 

Blood sugar was determined by Hagedorn & Jensen’s micro-method 
on 0-1 ¢.c. blood every 4 hr. (two determinations). Liver glycogen was 
estimated at the end of some experiments by a modified Evans-Tsai- 
Young [1931] method. After 10 hr. of nembutal anaesthesia, the liver 
contained about 4% glycogen. In other cats 100 ug. adrenaline were 
given intravenously at the end of the experiment to see if available 
glycogen were present in the liver and could be mobilized. 

The cats, with a few exceptions, were kept in the laboratory for 
1 week before use on a diet of chopped raw meat and water, or milk; 
in addition some were injected subcutaneously with 4g. glucose twice 
daily for 5-6 days before the experiment. Another group of cats was 
fed on bread and milk for 14 days before use, in an attempt to give a high 
_ carbohydrate diet, but this method had to be abandoned because some 
of these animals developed diarrhoea. None of these dietary variations 
appeared to affect the results. 

In the acute experiments the temperature (rectal) of the sates was 
carefully maintained at 37: palate by regulating the heat of the 
table, 
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A group of seven cats was used in chronic experiments. Under sterile 
conditions and with nembutal anaesthesia the right or left superior 
cervical sympathetic ganglion was exposed and stimulated for three } min. 
periods with 2 min. rest between each period [Davis et al. 1935], the 
efficacy of stimulation being controlled by observing the dilatation of the 
pupil. The animals were allowed to recover. Blood-sugar samples were 
taken before anaesthesia, 1 and 3 hr. post-operatively, and on the succeed- 
ing3—4days. The urine was collected and tested qualitatively forsugar with 


Benedict’s reagent. 
Method of treating results 

The great degree of variation observed in the individual blood-sugar 
curves made it necessary to use some collective method of treatment if any 
comparison were to be made between the stimulated and control animals. — 

Since stimulation was not carried out until we were satisfied that the 
blood sugar was reasonably stable, stimulation never occurred at the 
same time relative to the end of operation. In order to construct a mean 
curve for the stimulated group of cats, we have therefore taken the 
beginning of stimulation as zero time and averaged those blood-sugar 
values falling within } hr. periods before and after stimulation started. 
The average time at which stimulation started after operation was 
2 hr. 10 min. The mean curve of the control group was constructed in 
a similar way, taking as zero time a point 2 hr. 10 min, after operation. 
We then calculated for each } hr. period following stimulation in each 
cat, the change in blood-sugar level relative to its own average pre- 
stimulation blood sugar (the average pre-stimulation blood sugar in 
each cat was calculated from the blood-sugar determinations made ~ 
between the end of operation and the beginning of stimulation). From 
these figures the average changes in blood sugar during the first and 
each successive 4 hr. period up to 7 hr. after stimulation were determined 
for the group of stimulated animals. The above procedure was also 
carried out for each control cat; in this group the average blood sugars, 
corresponding to the pre-stimulation values of the stimulated group, 
were those blood sugars taken for 2 hr. 10 min. from the end of operation. 


RESULTS 
| Control experiments 
(a) Simple nembutal anaesthesia. 
, The blood-sugar level was followed in three cats for 7, 9 and 13 hr. 
respectively, to ascertain the effect of the anaesthetic upon the blood 
sugar of an animal, upon which no operation, apart from exposure of the 
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right femoral artery, had been performed. The blood-sugar values in 
these cats are shown in Fig. 1. Only three blood-sugar samples were 
taken from cat 9B at 3 hr. intervals, in order to see if half-hourly 
withdrawal of blood and incidental manipulation were in themselves 
sufficient to cause a rise in the blood-sugar level towards the end of the 
experiment. In this animal the blood sugar rose to 145 mg. %, a level 
which was reached in one of the other two cats, subjected to more 
frequent manipulation and withdrawal of blood. Thus it appeared that 
the half-hourly taking of blood samples was in itself insufficient to cause 
a disturbance of the blood-sugar level. 
Collard (personal communication), on a larger group of animals, has 
found that, during 8 hr. of anaesthesia, the blood-sugar values varied 
between 60 and 140 mg. %, the average level being about 100 mg. %. 


160 


0 2 3 6 7 8 9 10 12 3 «14 
Time in hours 


Fig. 1. Blood-sugar curves of three control cats under simple nembutal-anaesthesia. 


During the period in which this work was done, our own observations 
show that the average blood-sugar level of unanaesthetized cats in this 
laboratory was 88+2-4 mg. % (standard error of mean of thirty-five 
observations). 

From these results one may conclude that nembutal anaesthesia 
alone does not markedly affect the blood-sugar level. A fluctuation of 
as much as 60 mg. % may occur in the course of }-1 hr., but the general 
trend of curves is fairly flat, when compared with those obtained from 
cats subjected to operation, as will be seen below. 


(6) Control animals: operated. 


In eight animals in which the sympathetic nerve was exposed in the 
neck and electrodes placed in position, the blood sugar was followed at 
half-hourly intervals for 8-12 hr., without stimulating the nerve 
electrically. 

The average blood-sugar curve is shown in Fig. 2. From this it would 
appear that the blood-sugar level of these control animals after operation 
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under the given conditions is relatively steady, and that there is an 
upward trend and the appearance of fluctuation about 3-4 hr. after the 
end of operation. But this curve does not represent accurately the 
marked degree of variability and fluctuation of the individual curves. 
In some of the cats the blood sugar rose immediately after operation 


Time in hours 


Fig. 2. Average blood-sugar curves of eight control cats (0- - - -o) under nembutal sthesi 
and after operation without stimulation, and of ten cate after stimulation (e——e} 
of the cervical sympathetic nerve. Zero represents the beginning of stimulation. 


0 2 3 4 5 6 7 8 9 
Time in hours | 
Fig. 3. Blood-sugar curves of two cats, 24A after stimulation of cervical sympathetic 
nerve and 24B after operation without stimulation, done at the same time and 
under identical conditions, showing that the blood sugar of the stimulated cat fell 
while the blood sugar of the control cat tended to rise. 


and remained at a permanently high level, while in others there was a 
more gradual rise during the course of the whole experiment (Fig. 3); 
and again in one or two there was a considerable rise in the blood sugar 
in the middle of the experiment, which fell towards the end of the 
experiment to normal limits (Fig. 4). A fluctuation of as much as 
100 mg. % might occur within 1 hr. above the upper limit of the blood 
sugar in unanaesthetized cats (125 mg. %).which we accepted as normal. 
PH. XCV. 22 
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The degree of irregularity of these individual curves seemed greater 
than that which could be attributed to the effects of the operation alone. 
If stimulation of the cervical sympathetic nerve did affect the blood 
sugar in some way, it then seemed possible that the dissection and 
manipulation of the nerve, necessary for the placing of the electrode, 
might themselves be the cause of the greater variations in the blood- 
sugar level. We therefore investigated the behaviour of the blood sugar 
of animals in which the whole operation was performed without disturbing 
the carotid sheath. 


220 


Time in hours 


Fig. 4. Blood-sugar curves of two cats, 26 A after. stimulation of cervical sympathetic 
nerve and 26 B after operation without stimulation. Experiment on stimulated and 


The results of two experiments performed in this way follow. In one 
the blood sugar rose to a value 10% above the resting level immediately 
after operation, and then fell, gradually stabilizing between its resting 
value and one 12 % below, and finally rose at 6} hr. to a level 10% above 
the resting value (124 mg. %). In the other animal, after operation, the — 
blood sugar rose irregularly during 24 hr., to a value 70% above the 
resting level, where it remained steady for 4 hr. It appeared that 
handling of the nerves in the carotid sheath was not responsible for the 
variations observed in the control animals in which the nerve had been 
completely dissected out. One of the great difficulties was that, although 
the operation was always performed by the same person, within approxi- 
mately the same period of time, its effect on the blood sugar was never 

constant. No correlation between the small changes in temperature of 
the animal and the blood-sugar level was found. 

The results described above made it obvious that however carefully 
conditions were controlled it was impossible to predict that the blood 
sugar would fluctuate within narrow limits, and that if we were to be 
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able to show that stimulation of the cervical sympathetic nerve or 
superior cervical sympathetic ganglion had any effect on the level of 
blood sugar, the difference between levels of blood sugar in the control 
and stimulated animals would have to be very great to be of any 


significance. 
Stimulated cats 


(a) Stimulation of the cervical sympathetic nerve. 

In an attempt to find the best conditions for demonstrating the effect 
on blood sugar of stimulation of the cervical sympathetic nerve, the type 
of stimulation and diet were varied, as previously described. But, since 
these procedures had no obvious or consistent effect upon the results, 
we feel justified in considering the variously treated animals as one group. 


| | 
100 | 

Operation 


Time in hours 


Fig. 5. Blood-sugar curve of cat 44 A after stimulation of cervical sympathetic nerve, 
showing the fluctuations and rise of blood sugar during stimulation and continuing 
after stimulation has ceased. Liver glycogen 4-8 % at end of experiment. 


In ten cats stimulation of the cervical sympathetic nerve was carried 
out. Stimulation, as already mentioned, was started when we were 
satisfied that the blood sugar had become reasonably stable. An 
experiment illustrating this point is shown in Fig. 5. In this animal, the 
blood sugar remained level until stimulation began; it then rose slightly 
and pursued an upward trend with fluctuations for about 5 hr. after 
stimulation had ceased. 

It must be noted here that in several instances control experiments 


-. were performed simultaneously with stimulation experiments under 


identical conditions. No consistent difference between the blood-sugar 

levels was apparent. In some experiments the blood-sugar level of the 

stimulated animal would actually fall while the control animal’s blood 

sugar showed an upward trend to a level above that of the stimulated 

animal (Fig. 3). In others the stimulated animal showed a rise following 
: 22—2 
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immediately upon stimulation, In cat 5 A (Fig. 6) the blood sugar rose 
to 343 mg.°% and then gradually fell to 230 mg. % in the next 7 hr. But 
the blood sugar of the control animal 6 B rose at the same time to 
236 mg. % and then gradually fell to a lower level. A similar but less 
marked result was obtained in another experiment in which the blood 
sugar of the stimulated animal rose to 211 mg. % 24 hr. after stimulation, 
and fell to about 100 mg. % in the succeeding 4 hr. But the blood sugar 
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Fig. 6. Blood-sugar curves of two cate, 5A after stimulation of cervical sympathetic 

nerve and 5B after operation without stimulation, done at the same time under 
_ identical conditions. Note that the rise of blood sugar in the stimulated cat was accom- 
_ panied by a rise of blood sugar in the control cat, though of less degree. 


of the control animal behaved similarly, reaching a peak of 176 mg. % 
and falling to about 100 mg. % (Fig. 4). These results suggested that, 
if any rise does occur after stimulation of the cervical sympathetic nerve, 
it may be fortuitous. 

The average curve of the blood-sugar values following stimulation is 
shown in Fig. 2. It would appear from this curve that there is a small 
rise of blood sugar 4-6 hr. after stimulation, which is absent from the M 
average curve of control blood sugars. Apart from this, the average 
curves of the stimulated and control animals correspond fairly closely. 

To determine whether this rise was significant the results were treated 
in the following way. The differences between the mean levels of the 
blood sugar of the stimulated group before and after stimulation were 
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calculated’ and plotted as shown in Fig. 7. A similar curve was then 
constructed for the blood sugars of the control cats (Fig. 8). It will be 
seen from studying these two graphs that there is a rise of about 45- 
50 mg. % of sugar over the pre-stimulation level of blood sugar in the 
stimulated group of cats, occurring about 3-6 hr. after the beginning of 


_ stimulation. There is also a rise above the normal level of blood sugar — 


in the control group, but at an earlier time than in the stimulated group. 


+60 


+40 
+20 


-20 
-40 
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Time in hours 
stimulated group of cats before and after stimulation. 


Fig. 8. Curve showing the differences between the mean levels of the blood sugar of the 
control group of cats before and after the average time (2 hr. 10 min. after operation) 
at which stimulation started. 


the pre-stimulation levels in the control and stimulated groups (see text). 


Using the figures obtained by subtracting the values of the blood 
sugars in Fig. 8 from the corresponding values in Fig. 7, the curve shown 
in Fig. 9 was constructed, which thus represents graphically the difference 
between the changes in blood sugar above or below the pre-stimulation 
levels in the control and stimulated groups. This curve is comparatively 
smooth with an initial fall succeeded by a rise beginning 3-4 hr. after 
stimulation. A comparison of this curve with those in Figs. 7 and 8 
would suggest that stimulation first inhibits the rise in blood sugar 
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shown in the early part of the control curve and then produces a rise in 
blood sugar of 40 mg. % about 3-4 hr. after stimulation. Considering 
the degree of variation in the data (Table I) from which this graph was 


Taste I, The average blood sugars of the control cate and cats in which the cervical 
sympathetic nerve was stimulated and their standard deviations and standard errors, 
before and after stimulation. 
marked degree of variation in the blood sugar of individual cats 


Stimulated Control 
Ay 
blood No. of 
obser- sugar obser- 
min. mg.% 8.D. vations mg. % 8.D, 8.E vations 
135 126 10-10 5-83 3 91 32-12 18-56 3 
105 135 15-39 8-88 3 115 41:16 18-40 6 
16 123 16°85 5-61 9 118 42-29 15-98 7 
45 128 27-07 9-03 9 115 29-28 11-07 7 
15 1 31-01 9-34 ll 139 46-06 26-59 3 
0 Stimulation on 
15 1 8-93 12 116 39-81 15-03 7 
45 124 33-36 10-06 11 124 31-50 10-60 9 
16 129 19-05 6°76 127 32-48 11-21 8 
106 128 15°77 4:37 13 136 27°74 9-80 8 
135 144 19-40 647 9 161 44°74 18-27 6 
165 145 41-72 13-91 9 145 26-61 10-86 6 
195 164 70-85 22-41 10 150 23-74 8-39 8 
142 31-08 11-75 7 149 30-02 12-30 6 
255 165 57-86 21-86 7 155 25:23 9-53 7 
285 181 66-23 27-04 6 145 35°74 14-58 6 
315 195 64-43 32-11 4 140 36-74 15-00 6 
169 59-50 846. 26-61 5 133 11-18 5-59 4 
375 158 59-02 26-40 5 158 35-78 16-03 5 
405 151s 4 125 22-03 
435 159 42:13 24-39 3 158 40-26 18-01 5 
465 166 — — 1 151 16-97 12-00 2 


constructed, we ourselves feel that this rise is not great enough to permit 
us to conclude that it is caused by stimulation of the cervical sympathetic 
nerve. Statistical treatment of the curves in Figs. 7 and 8 confirmed this 
opinion, since we were unable to demonstrate that the difference between 
them, represented in Fig. 9, was — (substitution of the appro- 
priate values in the formula Vie = 5 gave values <2). 


(6) Stimulation of the swperior cervical sympathetic ganglion (acute 
expervments). 

In a group of four cats the superior cervical sympathetic ganglion 

was stimulated. The curve of the average blood-sugar values before and 

after stimulation is shown in Fig. 10, from which it would appear that 


stimulation of the ganglion had no effect upon the — blood-sugar 
level. 
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Time in hours 


Fig. 10. Average blood-sugar curve of cats in which the superior cervical sympathetic 
ee ganglion was stimulated. Zero represents the beginning of stimulation. The rectangles 
enclosing the points correspond to + the s.x. of each of the means plotted. The 
figures at the base of the rectangles are the number of observations from which the 


mean was calculated. 
jo 
100+ 
? 
0 12 24 % re] 60 72 
Time in hours 


Fig. 11. Average blood-sugar levels of cats in which the superior cervical sympathetic 
ganglion was stimulated under sterile conditions and the blood sugar followed for . 
 B days. ee stimulated cats; oo control cats. 


(c) Stimulation of superior cervical sympathetic ganglion (chronic experi- 
ments). 
It was possible that the effect of stimulation of the cervical sym- 


pathetic nerve or superior cervical sympathetic ganglion might produce 
a delayed effect upon the blood sugar, which would not be detected in 
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acute experiments. It was therefore decided to stimulate the ganglion 
under sterile conditions, and follow the blood sugar for several days after 
the stimulation. This method eliminates the complicating effects of 
prolonged anaesthesia, but the animal cannot be considered to have 
returned completely to its normal condition within 3 days after operation. 

Using the method described above, the superior cervical sympathetic 
ganglion was stimulated in four cats, and three cats were subjected to 
the same operative procedure without stimulation of the ganglion. The 
urine was tested daily before and after operation. The average blood- 
sugar values are shown in Fig. 11. No sugar was detected in the urine 
of the stimulated or control cats. These curves show that the operation 
caused an immediate slight rise in blood sugar, which was maintained 
in the control animals, but not in the stimulated animals in which the 
blood sugar fell to the pre-operative level. No significant difference 
between the two groups of animals is present; stimulation of the ganglion 
apparently does not cause a delayed rise in blood sugar of any great 
magnitude during 3 days following stimulation. 


Discussion 


The results described above show that there is no significant difference 
between the blood-sugar levels of cats in which the cervical sympathetic 
nerve and the superior cervical sympathetic ganglion were stimulated, — 
and the blood-sugar levels of cats subjected to similar operative pro- 
cedures without electrical stimulation of the nerve. Our results do not 
permit us to conclude that stimulation of these nerves has no effect at 
all upon the blood sugar, for stimulation of these structures might 
_ produce a change in blood sugar small compared with the spontaneous 
fluctuations seen in our animals. In the anaesthetized animal under 
our conditions, it would be impossible to differentiate such a rise from 
@ spontaneous rise. The experiments described above, in which stimula- 
tion was performed under sterile conditions, and the period of anaesthesia 
was shortened, show that elimination of the complicating effect of 
prolonged anaesthesia does not permit the detection of any significant 
rise in blood sugar: nor is a delayed effect of stimulation apparent during 
the succeeding 3 days after operation. 
Our negative results are difficult to reconcile with the positive results 
of other workers [Weed e¢ al. 1913; Shamoff, 1916; Davis ef al. 1935]. 
But, assuming that the cervical sympathetic nerves do influence the 
secretory activity of the anterior pituitary, they are what one would 
expect, in view of the recent knowledge of the blood-sugar raising action 
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of anterior pituitary extracts, In the cat, when relatively large quantities 
of an alkaline extract of anterior lobe are injected daily, a hyper- 
glycaemic response occurs only on the ninth day of the injections 
[Houssay e¢ al. 1933]. Previous workers have stressed the point that 
animals used to demonstrate the hyperglycaemic effects of stimulation 
of the superior cervical sympathetic ganglion and the cervical sympathetic 
nerve must have adequate stores of carbohydrate. In spite of variation 
in the diet and injections of supplementary sugar to augment the carbo- 
hydrate reserves of our animals, we have been unable to show any 
effects of these procedures; and the determinations of liver glycogen 
- and the response to adrenaline have shown that the blood sugar of our 
animals could have risen had an adequate stimulus been produced by 
nerve or ganglion stimulation. 

If stimulation of the superior cervical sympathetic ganglion or 
cervical sympathetic nerve over a long period or for several hours each 
day could be carried out in the unanaesthetized animal, which had 
recovered from the effects of any operative interference, one might be 
able to state definitely whether stimulation of these nervous structures 
had any effect or not. We have not been able to show, however, that, 
under our conditions, stimulation of the superior cervical sympathetic 
ganglion and cervical sympathetic nerve causes any significant rise in 
blood sugar. 

SuMMARY 

The effects upon the blood-sugar level of stimulation of the superior 
cervical sympathetic ganglion and cervical sympathetic nerve have been 
investigated by acute and chronic experiments in cats. — 

No significant changes in the blood sugar, under the described 
experimental conditions, were observed. 


We wish to thank Prof. J. H. Gaddum for much helpful advice on the statistical 
treatment of our results, and we are also indebted to Mr H. P. Marks and Dr F. G. Young 
for advice and criticism during the course of these experiments. 
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In the opening contribution to the first issue of the Journal of Physiology 
the subject of batrachian lymph hearts was comprehensively reviewed © 
by John Priestley [1878a] of Owens College, Manchester. Among his 
conclusions the following are especially interesting in view of current 
studies on the automatic properties of central neurones: 

.. +The motor-centres [for the lymph hearts] are situated in the spinal cord, those for 


_ the anterior pair opposite the 3rd, and those for the posterior pair opposite the 6th vertebra: 


They transmit their impulses down the appropriate spinal nerves of their own side of the 
body... . They originate the normal rhythm of the hearts, and their action, whatever its 
exact nature, is automatic, or not due directly to afferent stimuli; hence no change in the 
lymph-current traversing the hearts can alter their rhythm. 

Priestley’s [18785] original results, reported in the paper following 
his review, established the fact that lymph hearts find their prototype 
in skeletal rather than in cardiac muscle. Their normal responsive 
properties—among them the capacity for tetanization, both direct and 
indirect—are in quality identical with those of a musculature actuated 
by way of the cerebrospinal system. This conception gained further 
support histologically and experimentally from Ranvier [1880], who 
characterized the lymphatic hearts as an wultra-rouge type of skeletal 
muscle. The ‘‘exact nature” of their central impulsion, recognized by 
Priestley to be at the time uncertain, has recently been more clearly 
indicated. Action potentials have been recorded by Briicke & Umrath 
[1930] and Ludany [1930] from a posterior heart, and later by ourselves 
from both anterior and posterior organs (unpublished). The grouped 
oscillations suggest that each beat is a brief tetanus, aroused by a compact 
succession of efferent impulses. The neural origin is, in fact, evident in 
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Briicke & Umrath’s [1930] records from the nerve alone, where similar 
oscillations express the characteristic grouping of impulses transmitted 
from automatic centres. | | 

Evidence of neurogenic rhythm need not, however, imply a direct 
interrelation of these automatic centres, although they respond in 
common to reflex influence [Goltz, 1864]. No more than a chance 
coincidence of period [Straub, 1919] can be shown for either pair of 
hearts in transverse relation, while it is well known that anterior and 
posterior pairs will each continue beating when sundered by transection — 
of the body. Such reasons have long supported the view that the four 
automatic centres are mutually independent [Panizza, 1834; Priestley, 
1878a; Noble, 1931}. | 

This view has rested too confidently, however, upon the recognized 
non-unison of opposite organs; for the hearts of the same side, though 
relatively far apart, are in close functional association. A note reporting 
the discovery of this synchronous relation [Pratt & Reid, 1932] was 
based upon simultaneous mechanical tracings from each of two species 
of Rana—catesbeiana and pipiens. We have now verified the results by 
the same method in four families of the Salientia (Bufonidae, Scaphio- 
podidae, Hylidae, Ranidae) as represented by ten American species— 
among them the western spade-foot, Scaphiopus hammondis, and the 
tropical Bufo marinus. Hennequin, Merklen & Renaudin [1935] have 
meanwhile confirmed the effect in a European species by means of a 
quadruple mechanical record. | 

The experiments to be described are concerned with the differential 
and integrative aspects of the synchronizing mechanism. 


MECHANICAL RECORDING METHOD 


In each recording unit a delicate straw in-contact with the pulsating 
organ lifts a second straw arranged as a pivoted writing lever. The method 
is essentially that employed by Ranvier [1880] for registering the beats 
of a posterior lymph heart. With a narcotized or spinal animal in the 
prone position, two such levers are adjusted to record on the smoked 
surface the beats both of the anterior and of the posterior heart on one 
side, A third, or even a fourth (Fig. 1), lever may be added if a simul- 
taneous control record from the opposite side be required. The difference 
in length of anterior and posterior levers makes them of different intrinsic 
period: hence they cannot themselves contribute to a synchronous effect. 
Interchange of levers (by which the posterior heart operates the longer, 
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the anterior heart the shorter lever) fails to alter the latency of one with 
respect to the other; while one heart, arranged to operate both levers 


Fig. 1. Quadruple records, R. pipiens. The time here and in all figures following is in 
seconds. A, above, simultaneous tracings of left ant., left post., right ant%, right post. 
lymph hearts, in downward order; below, the same after cord section at IV vertebra. 
Crests are joined by lines to show the independent synchrony of each side, and its 
loss on section of the cord. B, the same order as in A. Synchronism independent for 
each side under pronounced arrhythmia. 


at the same time, writes curves in apparently perfect phase. Relative 
lag between any two recording units is not, therefore, instrumentally 


favoured under the conditions imposed. 
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CHARACTERISTICS OF THE ASSOCIATED BEATS 


Homolateral versus opposed rhythms. The correspondence in rhythm 
between lymph hearts of the same side, and the lack of correspondence 
bilaterally, is shown in Fig. 1. In Fig. 2, A, B and C, the homolateral 
relation may be followed under different rates and durations. In one 
example of regular rhythms (Fig. 2,C) a precise application of the 
recorded zero ordinate shows all three curves starting and ending in 
phase. The anterior and posterior tracings are in strict unison ; but the 
right and left, though they seem at first glance similarly in unison, are 
- found actually in ‘“‘vernier” relation: the rhythms progress through 


A 


Fig. 2. A, homolateral synchronism with arrhythmia and extreme retardation. Cord 


chilled anteriorly and heated posteriorly. Upper curve from ant. heart; lower, from 
post, heart, R. catesbeiana, B, persistent rate and unison on right side; arrhythmia 
on left (lowest curve is from left post. heart), R. catesbeiana, C, ant. and post. hearts 
on right side (upper and middle curves) are synchronous. The left post. heart (lowest 
curve) appears to be in unison with them, but has actually a “‘vernier” relation. 
_ B. marinus, skin intact. 


successive alternation and coincidence, emerging with a discrepancy of 
two beats. It is clear that judgment of synchronous relations is hazardous 
if based upon uniform periodicities of apparent unison recorded over too 
shortatime. The tracings in Fig. 2, C, are taken wholly from the uninjured 
skin—a method occasionally feasible with B. marinus, as later discussed. 
_ Arrhythmia. Mechanical or thermal disturbance of the cord can 

induce irregularity of several kinds: the arrhythmia may be exactly 

duplicated, suggesting irregular discharge of a governing centre; there 
may be a fundamental unison complicated by interpolated responses in 
one heart which have no apparent counterpart in the other; or, finally, 
interpolations may occur in the rhythm of one organ which appear in 
the other only after a period of latency. Such extra beats may be 
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imposed on the fundamental contractions or fused with them. They 

__ suggest uncertain dominance by any one group of cells acting as pace- 
maker. Deliberate attempts to separate anterior and posterior rhythms 
through violent temperature differences have resulted characteristically 
in such aberrations rather than in disjunction of period. Fig. 2, A, is an 
example of this tenacity of unison, where only seven periods—with 
widely varying interval and in the duration of over a minute—show 
exact correspondence in phase. 

Such evidence for a common spinal source of excitatory abies over 
two widely separated musculatures fails to support the assumption of 
a nervous outflow which merely conditions a rhythm inherent in the 
effector organ [Rienmiiller, 1935]. The tendency to intrinsic muscular 
thythm, admittedly present, would appear to be wholly subordinate to 
_ the phasic excitations. This tendency, evidence of which recurs per- 
sistently in the history of the subject, has recently been analysed by 
means of transplantation experiments [Reid, 1937 }: 


DISJUNCTION OF THE AUTOMATIC CENTRES | 
Midsection of the cord, although it fails to abolish the activity of 
either pair of lymph hearts, must obviously dissociate their rhythms 
[Pratt & Reid, 1932]. The level of each pair of centres can then be 


_ Fig. 3. Disjunction of homolateral rhythms. The cord was exposed between the 
first and second tracings, and cut after the second. B. marinus. 


determined by serial transection. In the leopard frog R. pipiens the 
anterior and posterior regions of outflow, as stated by Priestley [1878] 
for European species, have been found at the levels of the III and VI 
vertebrae. 

In B. marinus, however, the cord is extremely short, so that the 
centres lie relatively close together. Progressive pithing or serial 
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transection shows that in this giant tropical toad the anterior centres 
lie between I and III vertebrae; the posterior, just below the third. 
Fig. 3 records the significant stages of such an experiment. Synchronism 
is present, first, with brain pithed; then with the cord laid bare. Both 
stages show perfect unison; the first with regularity of rhythm, the 
second with arrhythmia. The cord is now severed at the lower level 
of the second transverse process, just posterior to the exit of III and 
IV ventral roots. The resulting disjunction of rhythm is shown in the 
last two runs of the series; the final tracing exhibiting periods of similar 
length in the two severed systems, yet devoid of true correspondence. 


RELATIONSHIP OF RHYTHMS UNDER INTACT CONDITIONS 


In the larval stages of the frog the pulsations of the anterior lymph 
hearts, like those of the posterior, are visible beneath the skin [Allison, 
1838]; and we have repeatedly observed a close correspondence in 
period between an anterior heart and the chain of vesicles which in the 
tadpole represents the eventual posterior heart of the same side. But 
the several units of this chain are themselves not always in unison 
[Allison, 1838; Speidel, 1929], so that in the developmental stages the 
synchronous relation would appear inconstant. The intact adult frog, on 
_ the other hand, yields little information as to the degree of unison; for 
the anterior hearts lie deep under the scapulae, and each posterior 
heart operates characteristically as a unit, despite its multiple origin. — 
In the toad, however, Allison [1838] points out that the anterior 
lymph hearts can be exposed from the dorsal aspect without displacement 
of the scapulae. As a result of this suggestion it is discovered that in 
B. marinus, in which the narrow scapula fails to obscure the approach 
to an anterior heart, the beats can sometimes be detected beneath the 
undisturbed skin and even recorded with the posterior beats (Fig. 2, C). 
If the animal is unanaesthetized, the record may prove unconvincing as 
- to the presence of definite synchrony; but as soon as light ether is applied 
the homolateral rhythms fall promptly into typical unison and continue 
therein to advanced narcosis. It is significant that the more the intact 
animal is protected from outside disturbance, the more evident is 
synchronous action on the part of the homolateral organs—a state 
suggestive of a “resting rhythm” in associated neurone discharge. 
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INFLUENCE OF THE MEDULLA UPON THE SYNCHRONOUS RELATION 

It is plain that in the absence of narcosis a disquieting environment 
may contribute to disturbance of unison by favouring higher central 
activity. The readiness with which the basic correlation of the automatic 
centres is overridden by intracranial factors is well seen in numerous 


— 


Fig. 4. Restoration of synchronism. The lack of unison in the first tracing (a result of 
incomplete pithing) is subject to progressive recovery in the second and third through 
further destruction of the medulla. Tracings 4 and 5 show two stages of the asyn- 
chronism following spinal transection between ant. and post. centres. B. marinus. 

experiments where the animal has been pithed at the occipito-vertebral 

joint. Records taken immediately thereafter may show absence of all 
synchronism—sometimes a wide discrepancy of rate—between anterior 
and posterior organs, even if the operation has included the destruction 
of the entire brain above this level. If now the pithing be continued 
caudally, so as to complete the destruction of the medulla, the lymph © 
hearts assume their characteristic unison. These events, ending with the 
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result of spinal transection, are shown in Fig. 4. It is not the structura! 
loss from pithing which disorganizes the unison, but the disturbance 
attending incomplete destruction; for excitatory bulbar injury can 
simulate in its effect the central conditions inimical to unison in the 
intact animal. On the other hand, full elimination of the medulla restores 


known as a mediator for afferent impulses inhibitory toward frequency 
of beat [Goltz, 1864; Bonnet, 1934] is seen to influence in a comparable 
way the synchronous relation. | 


ABSENCE OF DIRECT PROPRIOCEPTIVE AND OTHER SEGMENTAL 
REGULATION OF THE SYNCHRONOUS EFFECT 
Conceivably the presence of afferent impulses from the lymph hearts 
themselves could provide a mechanism for co-ordination of the driving 


Fig. 5. In A, 1, the left ant. lymph heart is directly tetanized; in B, 1, it is directly and 
progressively curarized. In neither A nor B does the interference disturb the unison 
with the left post. organ, 2. B. marinus. 


centres. Yet, if beating were to persist unchanged in one heart in spite 


of such afferent control would be invalidated. 

Records accordingly were taken from a homolateral pair of hearts 
during subjection of one of the pair to gross manipulation, tetanization 
by faradic currents (Fig. 5, A) or rapid arrest by local curarization 
(Fig. 5, B). Neither the rate nor the unison was affected. This is consistent 
with results obtained by Briicke & Umrath [1933] which indicate from 
electrical records an absence of afferent impulses along the nerve paths 
serving posterior lymph hearts. | 

Unison appears therefore torule as a persistent basal condition, subject 
to alteration only through medullary influence: the common rhythm on 
a given side of the body is strikingly independent of peripheral events 
provided the medullary path is interrupted: In the spinal animal, 
stimulation of the skin has shown no effect; visceral mutilation and 


the unison in a fashion comparable to etherization. The medulla, long — 


of sharp disturbance of the organ synchronized with it the assumption | 
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tetanization of the somatic musculature have produced no more than 
a slight change in rate. If direct afferent somatic connexions exist, they 
would appear to be rudimentary. 


Discussion 


These organs offer somewhat exceptional neurological material— 
namely a set of discrete automatic motor centres, each serving an equally 
discrete nerve-muscle system; each system being referable to other 
similar units as controls, which are available either in ipselateral association 
with a given centre or in contralateral non-association. The uncrossed, 
axial relation of these centres points to a relatively simple structural 
integration. The mechanism is uncomplicated by direct segmental 
afferent influences from the periphery, although subject to potent reflex 
modification by the cranial route. Impulses so mediated reach the 
axially co-ordinated centres solely through the trunk line of the cord; 
hence they can be retained, suspended or abolished by treatment of the 


cord alone. 


A source of confusion in the study of lymphatic hearts has been the 
inconstancy of results following denervation. Experiments in situ have 
been subject to the doubt whether every filament supplying an organ 


has been cut: a lymph heart initially arrested by nerve section may 


after an interval resume its beating. Here the criterion of synchronism 
can render judgment positive, since an organ innervated from an 
associated centre is still available for comparison, and persistence of 
unison is proof that denervation is incomplete. Moreover, if nerve 


regeneration has led to reinstatement of spinal neurogenicity after actual — 


denervation, the fact is announced by the reappearance of synchrony 
without the necessity of renewed section of the nerve or sacrifice of the 
animal by pithing. The test is especially useful in the investigation of 
intrinsic (myogenic) automaticity [Reid, 1937]; and for this purpose is 
comparable to the valuable method employed by Bonnet [1934], in 
which arrest of a lymph heart through the bulbar route is the index of | 
persisting nervous connexion with its inhibited spinal centre. 

Our results suggest that the spinal cells, serving segmental effector 


- organs which in the larval stages are in close proximity, retain in the 
_ course of profound transitions a close functional association. The anterior 


and posterior lymph hearts, though at the end widely separate, appear 
synchronized for each side in precisely the same sense that the fused 


- Components of a posterior lymph heart are themselves synchronized. 
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A base of interpretation may be found in the standpoint of Coghill 
[1933a], according to which the early myotomes, whose beat is potentially 
myogenic, are subject to motor control only and are independent 
segmentally for each side of the body. Like the lymph hearts, they are 
neurogenic effectors axially governed but locally devoid of commissural 
or afferent means of communication. Wintrebert [1921] has observed 
that in the myotomes of the selachian embryo a neurogenic rhythm 
imposes itself upon an initial purely myogenic activity, and eventually 
replaces it. In Fundulus Coghill [1933] finds the comparable process 
to be reversible at will by the use of curare. The lymphatic heart muscu- 
lature has similar transitional properties. It shows intrinsic rhythmicity 
on transplantation [Reid, 1937]; and, if denervated im situ, has been 
observed actually to resume its lymph-circulating function [Pratt & 
Reid, 1930; Rienmiiller, 1935}. ‘ 

Upon such an autonomous musculature we may conceive a purely 
motor activation, uncrossed and homolaterally co-ordinated, to become 
imposed in the process of integration. Segmental reflex control is 
wanting, whereas the part of independent effector is potentially retained. 


SUMMARY 

1. Further evidence from ten species (representing four families) of 
Salientia has substantiated the authors’ [1932] discovery that the lymph 
hearts common to either side operate in unison. Their spinal centres are 
therefore axially co-ordinated. The conditions of this co-ordination are 
here analysed from simultaneous mechanical tracings. : 

2. The homolateral unison is a basal condition which persists under 
retardation, acceleration, arrhythmia, and imposed temperature gradients. 
It is stabilized by etherization or by destruction of the medulla, but 
weakened by direct or reflex bulbar excitation. It is abolished, without 
arrest of beat, by transection of the cord between levels of motor outflow. 

3. In the spinal preparation, neither tetanization nor curarization of 
one heart affects the rhythm of the related heart; nor does tetanus of 
skeletal muscles disturb the synchronization. 

4. The synchronous relation reflects the structural homology of the 
lymph hearts as a segmental series, Analogous to that of the early 
neural stage of myotomes, their mechanism may be regarded develop- 
mentally as fixed at an uncrossed, purely motor level of spinal integration. 

The privileges of the Bermuda Biological Station for Research, Incorporated, accorded 
through the courtesy of the Director, Dr J. F. G. Wheeler, are gratefully acknowledged in 
connexion with experimental work by one of the authors (R.) during the summer of 1932. 
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THE REGULATION OF GLYCONEOGENESIS 


By L. STEIN, E. TUERKISCHER anp E. WERTHEIMER 


From the Laboratory of Pathological Physiology of the Hebrew 
University and the Hadassah Rothschild Hospital, Jerusalem 


(Recewed 7 November 1938) 


Unper conditions of excessive demand on the carbohydrate metabolism 
brought about by hunger, cold, work, phloridzin, etc., rats that have 
been kept on a protei-rich diet retain appreciable reserves of glycogen 
in their liver, whereas rats that have been maintained previously on a 
carbohydrate-rich diet lose their liver glycogen store entirely. Before 
‘exposure to such conditions the glycogen reserve of carbohydrate-fed 
rats is considerably greater than that of protein-fed rats. The pheno- 
menon has been ascribed principally to enhanced glyconeogenesis brought 
about by the protein-rich diet and designated briefly as “protein eff 
[Mirski, Rosenbaum, Stein & Wertheimer, 1938]. This so-called “ protein 
effect” cannot be held to account for the stimulation of glyconeogenesis 
under all conditions, e.g. the apparently paradoxical accumulation of 
glycogen in the liver during extended starvation, which was first observed 
by Pfliiger. 

In order to investigate the latter phenomenon we have studied some 
of the metabolic changes induced by a diet which was devised so as to 
simulate in its distribution of foodstuffs the reserve substances used by — 
the starving organism. Further, the effects of thyroidectomy on glycogen 
distribution under various conditions have been studied. 


RESULTS 
Effects of fat-rach diet 
‘The fat-rich diet contained the following: fat 68 % (34°% butter plus 
34% margarine), protein 26% (casein), carbohydrate 6% (starch). The 
influence of a normal carbohydrate-rich diet (70% carbohydrate) on 
rats has already been described [Mirski et al. 1938]. For comparison a 
second diet which contained 30% carbohydrate, though still rich in fat, 
was used. It had the following composition: fat 50% (25% butter plus 
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25% margarine), protein 20% and carbohydrate 30%. In general, the 

- technique described previously [Mirski e al. 1938] was followed. The 
animals were similar. The first diet above mentioned will be designated 

2 as the fat diet, the second as the control diet. 

e Rats kept on the above diets and then starved for various periods 

_ ghowed the characteristics set out in Table I. 


I 


Starvation Blood Liver Muscle 
0. period eight sugar glycogen 
animals hr, g mg. % % % Diet 
‘ 5 — 70-120 112 1-08 0-211 Fat 
5 — 70-120 105 1-98 0-213 Control 
15 15 70-125 99 0-58 0-180 Fat 
15 16 70-125 72 0-35 0-172 Control 
18 24 70-110 81 0-355 0-120 Fat 
24 70-110 0-138 
8 48 80-150 715 0-447 0-150 Fat 
8 48 80~150 71 0-270 0-180 Control 


a The data indicate, that the glycogen content of the liver is twice as 
- great in rats maintained on the control as in rats maintained on the 
fat diet. After 15-48 hr. starvation, the relationship is reversed. The 
differences between control and test rats in the concentrations of blood 
sugar and muscle glycogen are not pronounced. All the observed 
differences would have been larger if the control diet had been richer ing 
[Mirski e¢ al, 1938]. 


Effect of phloridzin 

The dose was usually 15 mg. phloridzin per 100 g. body weight. In 

the first series of experiments the first injection was given at 11 a.m., 

the second at 3 p.m. The rats were starved for 24 hr., from 9 a.m. to 

_  9a.m., then killed. In the second series of experiments the first 

) __ phloridzin injection was given at 12 noon, and the second injection at 
_ Ta.m. on the following day. Three hours later the rats were killed. The 

period of starvation as in the previous series was 24 hr. The results are 


3 80-120 75 


given in Table IT. 
I 
Los No, sugar 
animals g. mg. % % mg. mg. Diet 
series 
16 7-140 91 0418 0086 360 75097 Fat 
16 . 7-140 «Control 
Second series | 
3 80-120 66 Traces 0-040 289 Fat 
| ed Traces 0-045 320 50-91 Control 
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In the first series of experiments, in which the rats were killed 18 hr. 
after the last phloridzin injection, the liver glycogen figures were 
minimal in the control rats, but averaged 0-42 % in the test rats. The 
urinary and blood-sugar values and the concentration of muscle glycogen 
were consistently higher in the fat-diet group than in the controls. In 
the second series the animals were killed 3 hr. after the last phloridzin 
injection, i.e. before the phloridzin effect had worn off. The results 
obtained in this series were different from those obtained in the first. 
In both control and fat-diet rats the liver contained only traces of 
glycogen; the blood-sugar concentration was higher in the control 
animals; the concentration of muscle glycogen was largely the same in 
each. The relationship observed is explicable as follows: if sufficient time 
for recovery is allowed after phloridzin treatment (e.g. 18 hr. as in the 
first series) only fat-diet rats regenerate glycogen in appreciable quantities. 
If, however, the animals are killed before the phloridzin effect has worn 
off (second series), the glycogen store is depleted equally in both groups. 
As in the “protein effect”, therefore, the liver glycogen reserve of the 
rats is depleted under the influence of phloridzin independently of their 
previous diet. Only fat-diet rats compensate their glycogen loss by 
glyconeogenesis on an appreciable scale. It is of interest that even 30% 
carbohydrate in the diet containing 50% fat sufficed to eliminate the 
glyconeogenetic reaction. The experiments show that glycogen break- 
down as such is not disturbed by the fat diet; the rate of glycogen 
decomposition is similar in both test and control groups. We know of no 
evidence that would support the possibility that glycogen storage is 
more efficient in the fat-diet animals than in controls during the 
regeneration period. | 

Diminished sugar consumption in starvation by fat diet than by 
control rats might account for the higher liver glycogen values of the 
former even though glyconeogenesis in both test and control groups 
occurred at equal intensity. To test this possibility rats which had been 
starved for 24 hr. were given 0-8 g, dextrose per os. There were no 
consistent and certain differences in the concentration of blood sugar 
(or in the storage of glycogen) between animals previously maintained 
on diets such as the 70 or 20% casein, fat diet, or the 30% carbo- 
hydrate control. 

Both series of experiments point to protein as the principal source 
of the increased glyconeogenesis, this being accompanied by greater 
nitrogen excretion in the urine by fat-diet animals. Since the increase 
18 not apparent in the second series (where regeneration did not occur), 
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it appears to be concomitant with enhanced glyconeogenesis. It may be 
concluded therefore that the main cause of the increase of liver glycogen 
in starvation or phloridzin starvation by rats previously maintained on 
a fat diet is glyconeogenesis. The effect is prevented by the introduction 
of 30% carbohydrate into the diet. 


Acidosis and alkalosis 

In animals receiving either the protein-rich or the fat-rich, but 
practically carbohydrate-free diets, the possibility was equally present 
that glyconeogenesis might be due to acidosis. It remained to be 
ascertained, therefore, whether in all forms of acidosis, glyconeogenesis 
as evoked by these diets is induced, and whether glyconeogenesis can 
be inhibited by artificial alkalosis. The experiments were conducted as 
follows: rats which had been kept on a carbohydrate-rich diet (casein 
20%, carbohydrate 70%, fat 10%) were starved for 6 hr., then given 
2 c.c. of 5% ammonium chloride or calcium chloride solution by stomach 
tube and killed after a further period of 18 hr. The alkalosis experiments 
were carried out in a similar manner on animals which had been kept on 
a protein-rich diet (casein 70%, carbohydrate 20%, fat 10%). In these 
experiments 2 c.c. of 5% sodium bicarbonate or sodium acetate — 
were administered per os. 

Excess acid or alkali in the urine was determined, after dimnination 
of ammonia, by electrometric titration [Becker, 1938]. The results which 
are given in Table III indicate that acidosis favours glycogen regeneration 
and that alkalosis has no effect. 


No. of Liver Muscle 
ts glycogen glycogen Diet 
Acidosis Cl) 21 0-511 0-211 oe casein 
Control (no ) 19 0-314 0-195 casein 
Alkalosis (NaHCO. 8 1-065 0-184 70%, casein 
Control (no NaHCO,) 8 0-995 0-214 70% casein 


It must be emphasized, however, that the acidosis experiments did 
not yield uniform results. In the summer months they were consistently 
negative; in the winter months positive results were the general rule. 
An inhibition of absorption due to the introduction of the stomach tube 
cannot be definitely excluded. Considered together the experiments appear 
to indicate that acidosis is not the cause of, but possibly exerts a 
favourable influence upon glyconeogenesis. 


~ 
¥ 
4 
is 
aif 
4 
= 
wet 
3 
~~ 
Be. 
; 
4 
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Effect of thyroidectomy 


Stimulation of glyconeogenesis by change in the type of metabolism — 


might be effected by direct action on the liver tissue itself or indirectly, 
by the action of a hormone, the secretion of which is induced by the 
metabolic variation. It has been shown [Mirski et al, 1938] that extirpa- 
tion of the adrenals suppresses the “ protein effect’ almost entirely. It 
could not be ascertained, however, whether this was due to a direct 
inhibition of glyconeogenesis or to enhanced sugar oxidation. In the 
experiments described below, the influence of extirpation of the thyroid 
gland on glyconeogenesis was investigated. The thyroid glands of young 
male rats, weighing 60-120 g., were extirpated in amytal narcosis. The 
animals were maintained on a normal diet enriched by quantities of 
milk and calcium until completely recovered. After recovery they were 
given a diet consisting of casein 70%, starch 20% and olive oil 10%. 
The diet of the control animals was the same. After an interval of 
7-25 days, the rats were starved for a period of 24 hr., and then examined 
for glycogen. The data are given in Table IV. The data obtained with 
rats killed under amytal narcosis or without narcosis respectively are 
indicated separately except in the case of liver glycogen, where the 
narcosis was found not to have affected the results. The number of 


experiments is indicated in brackets. 
IV 
Blood Glycogen 
sugar in heart 
g mg. % % % 


Thyroidectomized' 60-120 103 0-490 narcosis 0-360 (7) 0-271 (8) 

0-204 (14) 0-145 (14) 

Control 6-120 103 1-069narcosis 0-209 (8) 0-338 

0-099 (16) 0-178 (13 
In all the experiments the concentration of liver glycogen was lower 
in the thyroidectomized than in the control animals by an average in 
twenty-seven experiments of approximately 50%. Thyroidectomy, 
however, does not lead to such great exhaustion of the glycogen reserves 
as adrenalectomy. The differences between the concentration of muscle 
glycogen in the control and test groups were slight, and there was no 
difference between them in respect of the blood-sugar level. Pronounced 
differences were obtained by carrying out similar experiments with a diet 
containing 70% carbohydrate. The glycogen concentration in the liver 
of thyroidectomized animals previously kept on a carbohydrate-rich 
diet frequently failed to fall during 24 hr. starvation, and in many cases, 
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particularly when the room temperature was high, there was actually an 
increase. At cool-room temperatures there was frequently no change 
in the concentration of liver glycogen. The average values found are set 
forth in Table V. 


V 
Glycogen Glycogen Glycogen 
re liver in heart in muscle 
% % % 
Thyroidectomized 60-120 0-450 (9) narcosis 0-372 (3) "0-210 
0-854 (12) 
Control 60-120 0-123 (9) narcosis 0-213 () 0-202 
0-069 (11 


- The most probable explanation of these findings is that removal of 
the thyroids inhibits glyconeogenesis, since it is clear that in any case 
the rate of sugar oxidation is not increased. 

The effect of exposure to cold following thyroidectomy was also 
tested by exposing the animals to a temperature of 6-5-11° C. over a 
continuous period of 4~—6 hr. Normal rats were used as controls. The diet 
contained 70% casein. The results of these experiments are given in 
Table VI. 

Tastz VI 
of lycogen Glycogen Blood 
liver in muscle 


Thyroidectomized 21 0-112 0-226 105 
Control 7 100-160 2ldays 0-599 0-220 107 


The same experiments but carried out with a carbohydrate-rich diet 
(70% carbohydrate) showed consistently that the glycogen content of 
the liver after 3-5 hr. exposure to cold is greater in thyroidectomized 
than in normal rats. In longer periods of exposure to cold (6-8 hr.) the 
liver-glycogen store is completely exhausted in normal and thyroi- 
dectomized rats alike [Wertheimer & Stein, 1938]. 

The experiments on the effect of cold thus lead to the same conclusions 
as the starvation experiments. They suggest in addition, however, that 
the influence of the thyroid gland on the chemical heat regulation of the 
body, as measured by the change in the glycogen content of the liver, 
is of narrowly restricted scope. It is probable that other endocrine 
glands, e.g. the adrenals, are more important than the thyroid for 
chemical heat regulation. 

It may be mentioned in this connexion that Dann, Chambers & Lusk 
[1931-2] found that the urinary sugar and nitrogen excretion of 
phloridzin-diabetic dogs is considerably diminished by extirpation of the 
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thyroids. Their observations have been confirmed by Mirsky, Heimann & 
Swadesh [1937]. 

The findings in respect of heart glycogen deserve separate notice. 
There was always more heart glycogen in the thyroidectomized than in 
the normal rats. When the animals were killed by the method of Evans 
[1934] under amytal narcosis, this excess was considerable, but the 
difference was even more marked in rats which were killed without amytal 
narcosis but in which the heart was otherwise treated in the same way 
as in the narcotized animals. The data on heart glycogen will be further 
dealt with elsewhere. 

- The experiments on thyroidectomized rats which had been kept on 
a protein-rich diet furnish a good illustration of the different ways in 
which the carbohydrate metabolism of the different organs of the rat is 
affected. After 24 hr. starvation the glycogen content of thyroidectomized 
rats as compared with normal rats is decreased in the liver, increased in 
_ the heart, and slightly decreased in the muscles. 


Discussion 


The experiments described show that two types of diet, namely, 
(1) protein-rich and (2) rich in fat, but poor in protein and practically 
free of carbohydrate, are able individually to stimulate glyconeogenesis. 
The acidosis provoked by these diets is not itself a cause of new glycogen 
production, and it is probable that the changed metabolism itself may 
be the stimulus which evokes glyconeogenesis. 

In all cases of supranormal carbohydrate consumption (as in work, 
cold, thyroxin poisoning, etc.) where the reserves are used up, the blood 
sugar is kept at a normal level by compensation of the loss by new sugar 
production. In normal metabolism carbohydrate breakdown and new 
sugar production must somehow be linked together, otherwise the influence 
of the hypophysis and the adrenals and the regulation of glyconeogenesis 
would be difficult to explain. The experiments described seem, however, 
to present a possibility of elucidating this relationship. The transfer of 
metabolism from a carbohydrate to a protein or fat basis must simultaneously 
constitute also a stimulus of glyconeogenesis. This is the link which connects 
sugar consumption with new sugar production. If the transfer doed not 
occur then as a secondary result glyconeogenesis fails to take place. 

There seems to be no primary interference with new sugar production 
in adrenalectomized rats, so far as external stimuli are concerned. The 
finding that adrenalectomized rats can be maintained alive on a diet 
consisting of 90% casein and 10% fat, or of 90% fat and 10% casein, 
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demonstrates this. With both diets the glycogen content of the liver is, 
however, lower in adrenalectomized than in normal rats. Similar obser- 
vations have been reported also on hypophysectomized rats [Russell, 
1938]. The glycogen loss experienced by adrenalectomized animals 
appears to be best accounted for as due to enhanced carbohydrate 
oxidation, There is some new carbohydrate production in these animals, 
but when subjected to hunger and cold the fat-diet ones in particular 
rapidly succumb to hypoglycaemia. If the stimulus of glyconeogenesis 
is supplied by their nutritional state new sugar production is possible; 
in starvation, however, the regulative transfer of metabolism from a 
carbohydrate to a fat basis is impossible to them, since no endogenic 
stimulus of glyconeogenesis is present. 

The thyroid glands in contradistinction to the adrenals exert a direct 
influence, though a limited one, on new sugar production. 

The above suggetted connexion between the transfer of metabolism 
from a carbohydrate to a predominantly fatty or protein basis and the 
stimulation of new sugar production also throws some light on the 
influence of insulin. Insulin hypoglycaemia can hardly be satisfactorily 
explained unless new sugar production is taken into account. There is 
no doubt that insulin evokes enhanced sugar combustion. The latter, 
however, also restricts new sugar production. In our experiments, even 
30% carbohydrate sufficed to inhibit the stimulation of glyconeogenesis 
by the fat diet. | 

SUMMARY 

1. Rats kept on a diet containing 68% fat, 6% carbohydrate and 
26% casein retain more glycogen in the liver after 15, 24 and 48 hr. 
starvation than do rats previously kept on a diet containing 70% 
carbohydrate, or on a fat plus 30 % carbohydrate diet. Before starvation 
- the liver glycogen values are lower on the fat-rich diet than on the 
normal carbohydrate diet. 

2. In phloridzin-starvation experiments, rats kept on a fat-rich diet 
retained more glycogen in the liver than those kept on the control diet 
containing 30% carbohydrate if 20 hr. elapsed after the phloridzin 
— Injeciton before the animals were killed. The urinary sugar and nitrogen 
excretion was always slightly higher in the fat-diet animals. If the rats 
were killed before the phloridzin effect had worn off, the liver glycogen 
reserves were found to be practically exhausted in both the fat-diet and 
 control-diet groups. 

3. It is concluded from (1) and (2) that a fat-rich but practically 
carbohydrate-free diet acts as a stimulus of glyconeogenesis, and that 
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the addition of 30% carbohydrate prevents this effect. The stimulus is 
not so great as that obtained with a protein-rich diet. Acidosis is not a 


cause of the new sugar production. 


4. In starvation the basis of metabolism is transferred from carbo- 
hydrate to fat or protein. It is suggested that this change is the stimulus 
of new sugar production, and that this constitutes an important link 
between carbohydrate consumption and production. 

5. Starvation or exposure to cold, after a protein-rich diet, produces 
a lower liver glycogen content in thyroidectomized than in normal rats, 
but after a carbohydrate diet the reverse is found. The most likely 
explanation is that the thyroid exerts a direct but restricted influence 
upon glyconeogenesis. 

6. The heart glycogen concentration of thyroidectomized rats is 
greater than in normal animals. The difference is not so great if the rats 
are killed under amytal narcosis. 


The authors are greatly indebted to the Ella Sachs Plotz Foundation for funds placed 
at the disposal of one of them (E. W.) which made this investigation possible. 
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THE REFLEX RESPONSE OF THE “APNEUSTIC ” 
CENTRE TO STIMULATION OF THE CHEMO- 
RECEPTORS OF THE CAROTID SINUS 


By G. STELLA 


From the selina of Physiology, Pharmacology and 
Biochemistry, University College, London 


(Received 16 December 1938) 


Ir was shown in a previous paper [Stella, 19386] that in a cat decere- 
brated below the “pneumotaxic” centre and with the vagi cut or cold- 
blocked in the neck, the activity of the “apneustic” centre markedly 
increases or decreases in response to comparatively small changes of the 
arterial CO, tension above or below the normal level respectively. It 
was seen, moreover, that a diminution of CO, tension, by artificial over- 
ventilation of the lungs, just sufficient to induce apnoea from acapnia in 
an intact animal, was also able to cause a complete or nearly complete 
subsidence of the “apneustic” activity. Therefore the activity of the 

“apneustic” centre, when the blood is well oxygenated, seems to be as 
much dependent upon the COQ, tension of the arterial blood as is the 
activity of the intact central respiratory mechanism. 

_ The experiments described in the present paper deal with the in- 
fluence, upon the “apneustic” centre, of the afferent impulses which 
originate in the chemo-receptors of the carotid sinus region (carotid 
body) and which reach the centres via Hering’s nerve. These impulses, 


which, as is now well known, have a definite stimulating influence on 


respiration, will here be shown to exercise a similar stimulating in- 
fluence also upon the “apneustic” centre. 


METHOD 


The experiments were on cats, decerebrated below the “ pneumotaxic” 
centre, by transection of the pons a few mm. caudal to its upper border, 
using the technique already described (Stella, 19386]. As in the work 
just quoted, the vagi were not cut, but were prepared in the neck, free ~ 
from the sympathetic, and only blocked by cold thermodes (3°-4° C.) 
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when an observation on the “apneustic” activity was to be made. In 
the intervals between observations the vagi remained functional, so that 
respiration continued efficient and regular [Stella, 1938a, 6). In a first 
series of experiments, to stimulate the chemo-receptors of the carotid 
sinus, general acute anoxaemia was induced, and its effect on respiration 
and apneusis noted before and after denervation of the carotid sinus. In 
a second series a very dilute solution of potassium cyanide, or sodium 
sulphide, was injected in the common carotid in quantity just sufficient to 
stimulate respiration reflexly. Denervation of the sinus was carried out 
either by section of the nerve of Hering, or by temporarily tying and 
releasing a ligature passed round the internal carotid, the occipital 
artery, and including all the nerves coming from the [Xth and Xth cranial 
nerves, and from the sympathetic. The movements of the thorax were 
recorded by means of a tambour placed on one side of the chest. Blood- 
_ pressure records were also taken, from a femoral artery, by Hg mano- 
Acute oxygen lack and apneusis 

Acute O, lack, which as is well known causes reflex stimulation of 
respiration (Heymans, Bouckaert & Dautrebande, 1930; Heymans, 
Bouckaert & Regniers, 1933; Schmidt, 1932; Smyth, 1937, etc.), also 


Fig. 1. In this and subsequent figures: respiratory (thoracic) tracings of cate with pons 
transected below the “ pneumotaxic” centre. Inspiration is upwards. This figure shows 
the different depths of apneusis obtained by cold-blocking the vagi, between (c) and (w), 
during quiet breathing of air (A) and during acute oxygen lack (B and C). Between 
B and C the carotid sinuses were denervated. Time: 1 sec. __ 


causes reflex stimulation of the “apneustic” centre as shown by the 
deeper apneusis which ensues on cold blocking the vagi during anoxaemic 
ry gen compared with that ensuing during quiet breathing in air 
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__. The acute O, lack was induced by making the animal inhale from a 
Douglas bag a mixture of 30% air and 70% nitrogen. The reflex 
character of the response, and its main origin from the carotid sinus, was 
shown by the fact that anoxaemia no longer caused either respiratory or 
“apneustic” stimulation after bilateral denervation of the carotid sinus. 
Indeed, the usual effect was a depression of both (Fig. 1, C). | 
The influence of the carotid sinus during anoxaemia cannot be 
attributed to variations of the discharge of the presso-receptors, since 
these were shown by Bronk & Stella [1935] to be highly insensitive to 
anoxaemia. Stimulation of the “apneustic” centre in the present experi- 
ment must be ascribed, like the parallel stimulation of respiration, to the 
stimulation of the chemo-receptors whose great activity in anoxaemia 
has already been recorded electrically [Bogue & Stella, 1934, 1935; 
‘Samaan & Stella, 1935; Zotterman, 1935]. 


Effect on apneusis of local stimulation of the carotid 
sinus by cyanide or sulphide 

In order to see the reflex effect of stimulation of the chemo-receptors 
of the carotid sinus upon apneusis, free from any direct central action, a 
series of experiments was carried out, in which as a stimulus, instead of 
general anoxaemia, a very small amount of a dilute solution of potassium 
cyanide (1: 1000), or sodium sulphide (1: 1000), was injected into a 
common carotid. The doses employed were so small, 0:1-0-3 c.c., that — 
after denervation of the sinus there was no visible effect on respiration, 
even when injected directly into the internal carotid [Heymans et al. 
1931, 1933]. As an additional precaution against any central action, all 
- efferent vessels of the carotid sinus were tied separately, leaving its 
innervation intact. The carotid sinus of the opposite side'was completely 
denervated. Under these conditions, chemical stimulation of the carotid 
sinus caused, as in the case of anoxaemia described above, both respira- 
tory stimulation and “apneustic” stimulation. In all experiments, 
results were similar to the above. Both effects were entirely abolished by 
denervation of the sinus. 

The reflex influence of chemical stimulation of the carotid sinus upon 
apneusis can be seen particularly well in experiments like that represented 
in Fig. 2, in which the drugs were injected, always into the common 
carotid, at a time when, with the vagi continually cold-blocked, the 
“apneustic” activity had temporarily completely subsided owing to a 
previous period of artificial over-ventilation of the lungs [Stella, 1938 6). 
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Fig. 2. Left carotid sinus denervated. All efferent vessels of the right carotid sinus tied, 
but its innervation still intact. At the arrows 0-1 c.c. (in E and F, 0-2 ¢.c.) of 1: 1000 
potassium cyanide is injected into the common carotid of the right (innervated) side. 
Between (c) and (w) the vagi are cold-blocked. The figure shows the reflex stimulation of 
respiration (A and C) and of apneusis (D (z) and E) induced by the local chemical stimu- 
lation of the right carotid sinus. At F, after denefvation of the right carotid sinus, the 
cyanide has no longer any effect either on quiet breathing or on apneusis. Time: 5 sec. 
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It. will be seen that as a result of the injection, the apneusis, instead of re- 
developing, as usual, slowly and gradually (Fig. 2, D (z)), began to develop 
very rapidly and quickly reached a considerable depth (Fig. 2, D (z)). The 
effect was still more marked when a larger dose of the drug was injected 
(Fig. 2, E). In F, on the other hand, after section of the carotid sinus, the 
same dose as in Ef failed to have any effect either on quiet breathing (R) or 
on apneusis (7'). 


The central action of CO, on apneusis 


Since it was seen that the impulses from the chemo-receptors of the 
carotid sinus do have a definite excitatory influence upon apneusis, it 
became interesting to know whether the stimulating effect on apneusis of 


Fig. 3. Between (c) and (w): cold-blocking of the vagi. Between A and B: bilateral denerva- 
tien of the carotid sinus. It shows the marked acceleration of respiration induced by the 
inhalation of 5 % CO, in air, although the “ pneumotaxic” centre had been cut off, as 
revealed by the apneusis ensuing on blocking the vagi. It also slows the central effect 
of CO, upon the “apneustic” centre. Time: 1 sec. 


CO, , described in a previous paper [19386], might not be entirely reflex in 


- character. CO,, in fact, is like anoxaemia, cyanide, sulphide, etc. an 


effective stimulant for the chemo-receptors in question [Heymans et al. 
1930, 1933; Schmidt, 1932; Samaan & Stella, 1935; Zotterman, 1935; 
and Gayet, Bennati & Guivy, 1935]. To decide the point, CO, excess 
was tried in a number of experiments after bilateral denervation of the 
carotid sinus, when it was found that it still caused marked stimulation 
of the “apneustic” centre (Fig. 3, B). It appears, therefore, that the 
action of CO, upon this centres is, like its action on the intact central 
respiratory mechanism [Heymans ef al. 1930, and the other authors 


2 above mentioned], central as well as reflex. 
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Arterial CO, tension and the reflex excitability 
of the “‘apneustic” centre 

In the series of experiments of which Fig. 2 gives an example it will 
be noted that the afferent discharge from the chemo-receptors of the 
carotid sinus is able to stimulate apneusis, and indeed quiet respiration, 
when the vagi are functional, even though the arterial CO, tension is 
_ itself below the threshold exciting value. The tension of CO, is, however, 
not without a great importance in determining the reflex responses in 
question. When the stimulating drugs were injected in theearly part of the 
apnoeic pause, that is, when the CO, tension had not yet had time to rise 
towards the original level, there was no immediate effect at all, the 
respiratory and “‘apneustic” excitation appearing only much later, at a 
moment corresponding to the last phase of the spontaneous apnoeic 
pause. Unless the efferent vessels of the carotid sinus were previously tied 
off so as to prevent the rapid escape of the injected drug, early injections 
were without effect, either immediate or delayed. It appears, therefore, 
that a certain minimum tension of CO, in the arterial blood is necessary 


either for the chemo-receptors to get excited by the drugs used, or, which - 


seems more probable, for the “apneustic” centre to be able to respond to 
the afferent impulses from these receptors. 

_ ‘This minimum CO, tension seems to be not much below the threshold 

exciting value. 


Decerebrate rigidity and stimulation of the chemo-receptors 
of the carotid sinus 

The only research available in the literature concerning the influence 
of the afferent impulses from the chemo-receptors of the sinus upon the 
tonus of skeletal muscles of the limbs are those of Kaufman [1938], 
carried out on cats under morphine-urethane anaesthesia. He noticed 
an effect which is the very opposite of that observed here in the case of 
the “apneustic” activity: namely inhibition of tonus. Since, however, 
_Kaufman’s experiments are not strictly comparable with the present 
ones, a few observations have been made on the degree of decerebrate 
rigidity of the limbs. These were placed either in full extension or 
passively flexed and allowed to remain so. Injection into the common 
carotid of cyanide or sulphide in quantity sufficient very markedly to 
stimulate reflexly respiration or apneusis [0-3-0-4 c.c.] seemed entirely 
without effect upon the position of the limbs, thus indicating that the 
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 gentres for decerebrate rigidity are not appreciably affected by those — 
afferent discharges which powerfully excite the ‘Tespiratory and the 
“‘apneustic” centres. 


Discussion 


It appears that the degree of activity of the “apneustic” centre is 
strictly related to the respiratory needs of the body, and determined by 
the chemical composition of the blood. This activity is, under normal 
conditions, automatic [Stella, 1938a], due to the CO, concentration in 
the centre itself, and reinforced reflexly, from the chemo-receptors of the 
carotid sinus (and, presumably, of aortic regions), always in response to 
the chemical composition of the arterial blood. It thus differs profoundly 


from the centres of decerebrate rigidity in the nfedulla, which are almost 


- unaffected either by large variations of the CO, content [Stella, 1938] 


or by the greatest afferent discharges of the chemo-receptors of the 
carotid sinus (and presumably of the aortic region). Apneusis is evidently 
not a manifestation of decerebrate rigidity, having no relation with the 
respiratory activity, as claimed by Henderson & Sweet [1929] and Hess 
[1931], but, as already concluded in a previous paper [Stella, 19380], the 
expression of an abnormal mode of functioning of the centre responsible 
for normal inspiration, in the sense suggested by Markwald [1887, 1890], 
Lewandowsky [1896], etc.; and more recently by Lumsden [1923 a, }]. 
According to Lumsden, while different amplitudes of respiratory move- 
ments may be due to different degrees of activity of “apneustic” centre, 
the rate of breathing, on the other hand, is primarily determined by the 
“pneumotaxic” centre. He thus interprets acceleration of breathing in 


_ esponse to excess CO,, O, lack, etc. as indicating an increased activity of 


the “pneumotaxic” centre. Experiments, however, like those recorded 
in Fig. 2 (A and C) and in Fig. 3 (B), clearly indicate that when the vagi 


are functional, stimulation of the “apneustic” centre is in itself sufficient 


to bring about not only increased depth of breathing but also a marked 
acceleration of the same, and it is probable that the chemical regulation 
of normal respiration may ultimately be found to consist essentially in 
the regulation of the state of activity of the “apneustic” centre alone. 


SuMMARY 


1, The afferent impulses from the chemo-receptors of the carotid 
_ Sinus cause excitation of the “apneustic” centre. 

2. CO, excess stimulates this centre also directly, while oxygen lack 
' does so mainly reflexly, its direct action being rather one of depression. 
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3. The reflex excitability of the “apneustic” centre to the impulses 
from the sinus mentioned above seems to be abolished by lowering of the 
arterial CO, tension not much below the threshold exciting value. 
4, ‘The chemical regulation of respiration seems to be carried out 
mainly by change in the degree of activity of the “apneustic” centre, 
which may therefore be regarded as the most important central mech- 
anism for normal respiration. | : 


Medical Research of the University of London, to which I now express my thanks. 
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_ THE EFFECT OF VARIATIONS IN CARBON-DIOXIDE 
2 TENSION ON THE RATE OF ABSORPTION 
QF SALINE SOLUTION FROM THE 
SUBARACHNOID SPACE 


By T. H. B. BEDFORD 
From the Department of Pharmacology, Manchester University 


(Received 29 December 1938) 


No information is available regarding the effect of variations in carbon- 
dioxide tension on the rate of absorption of saline solution from the 
subarachnoid space. The effect of carbon dioxide on the calibre of the 
pial vessels has, however, been the subject of careful study by Forbes, 
Wolff & Cobb [1929] and by Wolff & Lennox [1930]. These workers found 
that an increase in carbon-dioxide content of the blood resulted in a very 
marked increase in the diameter of the pial arteries, whereas a decrease in 
carbon-dioxide content was followed by a moderate decrease in their size. 
On the other hand, an increase in the oxygen content of the blood resulted 
in a very slight decrease in the diameter of the arteries and a marked 
degree of anoxaemia had a tendency to increase their size. The influence 
of carbon dioxide almost completely obscured that of oxygen and dilata- 
tion of the vessels was produced more readily than constriction. A pro- 
nounced rise in the pressure of the cerebrospinal fluid accompanied the 
dilatation of the vessels by carbon dioxide. 


In the following experiments an attempt has been made to determine 


whether changes in carbon-dioxide tension have any effect on the rate of 
absorption of saline solution from the subarachnoid space. Special 
attention has been paid to the effect of raised carbon-dioxide tensions 
although a number of experiments were performed in which the normal 
carbon-dioxide tension was reduced. 


EXPERIMENTAL PROCEDURE 
The animals used in these experiments were dogs varying from 7 to 


10 kg. in weight and from 2 to 4 years in age. Anaesthesia was generally 
obtained with intratracheal ether. Care was taken to maintain the 
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anaesthesia as light as practicable. In a number of experiments, how- 


- ever, amytal (Lilly) introduced into the peritoneum was the anaesthetic. 


The method of administering the amytal and the precautions to be 
observed have been described in detail in an earlier paper [Bedford, 
1938]. The animals were made to inhale out of a bag by means of a simple 
valve system. The bag was kept partly inflated by a pump. The carbon- 
dioxide mixtures were generally made with air and contained between 
5 and 10 % carbon dioxide. Their precise composition was determined by 
analysis. In a number of experiments a mixture of carbon dioxide and 
oxygen was used. The mixtures were kept in Douglas bags which were 
connected with the pump when required. Low carbon-dioxide tensions 
were obtained by hyperventilating with atmospheric air by means of the 
pump connected to the tracheal tube. 

The saline solution was introduced into the subarachnoid space 
through a needle in the cisterna magna at a constant pressure of 300 mm. 
saline. In about half the experiments the solution introduced was normal 
saline and in the rest Tyrode solution. Reference should be made to an 
earlier paper [Bedford, 1938] for details of technique and for a description 
of the apparatus used to maintain the pressure and to measure the rate of 
inflow. 

The effect of raised carbon-dioxide tensions 

The inhalation of mixtures of 5-10 % carbon dioxide with air in- 
variably caused a sudden cessation of inflow and an extrusion of fluid 
from the subarachnoid space. The extrusion of fluid was greatest during 
the first 3 min. and then gradually subsided; after 5-10 min., inflow 
usually proceeded at its original rate. Minor variations were observed 
from animal to animal and in about one-quarter of the experiments the 
original rate of absorption was never attained although absorption pro- 
ceeded at a constant but slightly reduced rate after the initial period of 
5-10 min. The amount of fluid displaced was found to bear a rough re- 
lationship to the concentration of carbon dioxide. A 10% mixture 
would generally cause a greater displacement than a 5 % mixture when 
administered to the same animal and provided that the depth of an- 
aesthesia remained constant. Great variation was, however, observed in 


_ the sensitivity of different animals to carbon dioxide. This could not be | 


accounted for entirely on a basis of variations in depth of anaesthesia. 
The administration of the carbon dioxide was discontinued after 20 min. 
to ¢hr. The replacement of carbon dioxide by air was followed by a 
sudden increase in the rate of inflow; during the first 3 min. inflow 
frequently proceeded at three or four times its original rate. This excessive 
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inflow gradually fell off, and its original rate was attained after 5-10 min. 
A similar course of events was observed if carbon dioxide were again 
administered. Some evidence was obtained which suggested that the 
increase in inflow which followed the replacement of carbon dioxide by 
air bore a relation to the length of time during which the carbon dioxide 
had been administered. The increase was greater after short than after 


Fig. 1. The effect of carbon dioxide on the rate of absorption of Tyrode from the sub- 
arachnoid space, The carbon dioxide was administered in a 7-5 % mixture with air. 
The rate of inflow was determined at a constant pressure of 300 mm. saline solution 


throughout the experiment. It is expressed in terms of the volume of solution entering 
the subarachnoid space during periods of 3 min. The systolic pressure in the 
femoral artery is recorded in millimetres of mercury. The anaesthetic is ether. 
e—e Volume of Tyrode solution absorbed. ---- Systolic pressure in femoral artery. 


long periods of administration; this difference, however, was never con- 
siderable. The administration of carbon dioxide and oxygen gave 
results identical with those obtained with carbon dioxide and air; similar 
results were obtained whether ether or amytal was the anaesthetic, and 
no difference was observed whether saline or Tyrode was introduced into 
the subarachnoid space. The administration of carbon dioxide was found 
to be without constant effect on the systemic blood pressure. A slight 
rise was generally observed; sometimes it fell slightly and occasionally it 
remained uninfluenced. When a change did occur its amplitude rarely 
exceeded 20 mm. Hg. A typical experiment is indicated in Fig. 1. 
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The effect of low carbon-dioxide tensions 
A slight fall in blood pressure nearly always accompanied the hyper- 
ventilation. No significant effect, however, was observed on the rate of 
inflow of saline into the subarachnoid space on hyperventilating and no 
effect was observed on changing over to normal ventilation. Four ex- 
periments only of this type were performed. The animals in these experi- 
ments were anaesthetized with amytal. = experiment is illustrated in 


Fig. 2. 


Fig. 2. The effect of hyperventilation on the rate of absorption of Tyrode from the sub- 
arachnoid space. The animal was ventilated with the pump at a rate and to a depth 
corresponding with normal respiration, Hyperventilation was produced by increasing 
the rate of the pump from 20 to 40 strokes per minute and by increasing slightly the 
amplitude of the stroke. The rate of inflow was determined at a constant pressure of 
300 mm. saline solution throughout the experiment and is expressed in terms of the 
volume of solution entering the subarachnoid space during periods of 3 min. 
The readings were taken to the nearest 0-05 c.c. The systolic pressure in the femoral 
artery is recorded in mm. of mercury. e—»* Volume of Tyrode solution absorbed. 
--++ Systolic. pressure in femoral artery. 


Discussion 


It would appear from the above experiments that the effect of a 
onddei’ increase in carbon-dioxide tension on the rate of absorption of 
saline solution from the subarachnoid space is a temporary one. Ab- 
sorption generally proceeds at its original rate after an initial period of 
5-10 min., during which the fluid is first extruded and then absorbed at a 
reduced rate. On replacing the carbon-dioxide mixture by air, a similar 
course of events but in the reverse direction is observed. In about a 
quarter of the experiments the carbon dioxide appeared to cause a slight 
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reduction in the rate of absorption throughout the whole period during 
- which it was administered. The rapidity with which these effects were | 
produced suggests that they are probably of vascular origin. Reference 
has already been made to the experiments of Forbes e al. [1929] and 
- Wolff & Lennox [1930] on the effect of carbon dioxide on the blood 
vessels of the pia. Forbes & Wolff [1928] were able to demonstrate in 
another series of experiments on the vasomotor control of the cerebral 
vessels that changes in the calibre of the pial vessels are accompanied by 
changes in the pressure of the cerebrospinal fluid; an increase in their 
diameter caused a rise, and a decrease was followed by a fall in pressure. 
Carbon dioxide dilates not only the vessels of the pia but also those of the 
substance of the brain. Schmidt & Pierson [1934] showed that carbon 
dioxide increases the blood flow through the hypothalamus and Schmidt 
[1934-35] was able to demonstrate a specific dilator influence on the 
vessels of the hypothalamic region. Putnam & Ask-Upmark [1934] made 
microscopic observations on the living choroid plexus. Although the 
action of carbon dioxide was not studied, they came to the conclusion 
that the arteries of the choroid plexus respond to vagal and sympathetic 
stimulation and to the administration of drugs in much the same way 
as do the arteries of the pia. These findings suggest that the action of 
carbon dioxide on the vessels of the choroid plexus probably resembles 
that on the vessels of the pia. It would seem possible to account for thé 
course of events observed in the experiments now under consideration in 
terms of vascular change without invoking variations in the rate of 
formation or of absorption of cerebrospinal fluid. The initial extrusion of 
fluid from the subarachnoid space is caused by the dilatation of the 
cerebral vessels; after 5-10 min. the effects produced by this dilatation 
have subsided and fluid enters the subarachnoid space at its original 
rate. It would seem that the degree of vascular dilatation is generally 
insufficient to interfere with the circulation of the cerebrospinal fluid 
although the slightly reduced rate of inflow observed throughout some 
- of the experiments may perhaps be accounted for in this way. The 
sudden inflow observed on replacing the carbon-dioxide mixture by air is 
due to collapse of the vessels which have remained dilated during the 
_ whole of the time over which carbon dioxide was administered. As 
already indicated, some evidence was obtained which suggested that the 
vessels have a tendency to constrict after prolonged administration of 
carbon dioxide. 
The results obtained with high carbon-dioxide tensions would lead one 
to anticipate similar changes, although in a reverse direction, when low 
PH, XCv. 25 
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carbon-dioxide tensions were employed. In a limited number of experi- 

ments no significant effect was observed. It is important to remember, 

however, that Forbes et al. [1929] found that dilatation of vessels was 
invariably produced more easily than constriction. 

To sum up, it would appear that variations in the tension of carbon 
dioxide are without direct effect on the processes of formation and 
absorption of cerebrospinal fluid. Any effects observed are brought about 
indirectly through the vascular system and are generally of temporary 
duration. 

SuMMARY 

1. A study has been made of the effects of variations in carbon- 
dioxide tension on the rate of absorption of saline solution from the sub- 
arachnoid space of dogs. 

2. Mixtures of 5-10 % carbon dioxide with air caused at first an ex- 
trusion of fluid from the subarachnoid space; this subsided after 5-10 min. 
and absorption then proceeded at its original rate. Replacement of the 
carbon dioxide by air caused a sudden increase in the rate of flow into 
the subarachnoid space; this also subsided after 5-10 min., when ab- 
sorption again proceeded at its original rate. 

3. In about a quarter of the experiments the original rate of ab- 
sorption was never attained during the administration of the carbon 
dioxide, although it proceeded at a constant but slightly reduced rate 
after the initial period of 5-10 min. 


4. Low carbon-dioxide tensions produced by hyperventilation were © 


without effect on absorption. 

5. It is concluded that the effects produced by raised carbon-dioxide 
tensions can be adequately explained on a basis of changes in the 
calibre of the cerebral vessels, and that it is unnecessary to invoke 
variations in the normal processes of formation and of absorption of 
the cerebrospinal fluid. | 


REFERENCES 


Bedford, T. H. B, [1938]. J. Physiol. 98, 423. 
Forbes, H. 8. & Wolff, H. G. [1928]. Arch. Neurol. Peychiat., Chicago, 19, 1057. 
Forbes, H. 8., Wolff, H. G. & Cobb, 8. [1929]. Amer. J. Physiol. 89, 266. 

- Putnam, T. J. & Ask-Upmark, E. [1984]. Arch. Neurol. Psychiat., Chicago, 32, 72. 
Schmidt, C.-F. & Pierson, J. C. [1934]. Amer. J. Physiol. 108, 241. 

Schmidt, C. F. [1934-35]. Amer. J. Physiol. 110, 137. 

Wolff, H. G. & Lennox, W. G. [1930]. Arch. Neurol. Paychiat., Chicago, 28, 1097. 


i 
3 
omg 
# 
aq 
4 
Ly 
4 
ra 
iz 
> 
4 
> 
& 
4 
a 
ug 
= 
% 
2 “<a 
4 f 
£ 
Wa 
a 
2 
ve 
as 
x 


379 


__ J. Physiol. (1939) 95, 379-392 577+176.51:612.616 


THE EFFECT OF PROLONGED DOSAGE WITH 


OESTROGENS ON THE ADULT BROWN 


‘LEGHORN COCK 


By C. W. EMMENS 


From the National Institute for Medical Research, Hampstead, London 


(Recewved 2 January 1939) 


A qareat deal of work has been carried out on the inhibition of the 
activity of the male reproductive organs in mammals by prolonged 
administration of oestrogens, an effect probably due to primary depres- 
sion of hypophyseal activity. There is little comparable information for 
birds, in spite of their being specially suitable for such experiments 
owing to the possession of secondary sexual characters dependent on the 
functional activity of the gonad. Depression of testicular activity and 
diminution in comb size in normal cocks was shown to follow the in- 
jection of oestrone in oily solution by Moraté-Manaro, Albrieux & Buiio 
[1935]. Injecting up to 50,0001.U. (one 1.U.=0-1 yg.) in the course of 
about one week, they obtained reductions in comb area amounting to 
30 % of the original comb size, and found that the testes of treated birds 
were smaller than normal, white, and with reduced spermatogenesis and 
interstitial tissue. The same authors later demonstrated [Moraté-Manaro 
et al. 1938] that inunction of 18,750 1.v. per day of oestrogen on the comb 
produced, after 10 days, a 39 % reduction in the comb area of 3-month- 
old White Leghorn cockerels. The combs had less elastic tissue and 
relatively more connective tissue, and were white and flaccid in appear- 
ance. The testes showed atrophy of the tubules and interstitial tissue and 


a sharp drop in spermatogenesis. Inunction of androsterone affected the 


testes in the same way, or to an even greater extent, but, of course, 


produced comb growth instead of atrophy. 
Zondek [1937] recorded the production of “pituitary dw 


following ‘the injection of 50,000—100,000 1.B.u. (one 1.B.U.= 0-1 yg.) of 
oestradiol benzoate twice weekly from the age of 6 weeks. The dwarf 


cocks were just over half the weight of normal nontsom, and possessed 
25—2 
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shrivelled combs and atrophic testes, which were only 3-4 % of the 
normal weight, and contained only Sertoli cells and spermatogonia in the 
tubules. These cocks also exhibited bone changes, with sponginess and 
open epiphyses. In a preliminary communication [Emmens, 1938] I 
reported comb atrophy and testicular degeneration following the admin- 
istration of oestrogens to normal Brown Leghorn cocks, accompanied by 
an apparent depression of the activity of the thyroids. In the _— 
paper these findings are discussed in greater detail. 


MATERIAL AND METHODS 


_ The birds used in the investigation were adult Brown Leghorn cocks — 
from the Institute’s farm stock. Two methods were used for the admini- 
stration of oestrogen. Ocestradiol benzoate was given by intramuscular 
injection in arachis oil, at. a concentration of 5 mg./ml. Oestrone was 
given by the implantation of tablets of compressed crystalline substance, 
which were inserted into the breast muscles under ether by means of a 
trochar and held in position by one or more stitches. Such implanted 
tablets become surrounded by connective tissue soon after implantation, 
and can easily be removed at death or at a second minor operation under 
anaesthesia, and cleaned and weighed in order to determine the amount of — 
hormone absorbed. 

- Comb measurements were taken with dividers, and an index of the 
comb area obtained by multiplying the length, from the anterior in- 
sertion to a definite point at the back of the comb, by the height, from a 
point on the base of the comb to the tip of a particular high spike. The 
- combs were measured at frequent intervals, but only those points which 
are needed to outline the curves of Figs. 1-6 have been included. Testes, 
thyroids and adrenals were fixed for 24 hr. in aqueous Bouin’s solution 
and weighed after a similar period in 70 % alcohol. The pituitary glands 
were fixed in Susa’s solution, and weighed after fixation. All sections 
were cut at 7». and stained in Meyer’s haematoxylin and eosin. — 


EXPERIMENTAL RESULTS 


A summary of the results obtained is given in the table, in which the 
birds are arranged in approximate order of the degree of effect produced 
on the comb and testes. By this arrangement they are seen to fall into 
two contrasting groups. The first group includes OTC 7, 8 and 9, which 
showed no decrease in comb size at death, and a variable amount of 
testicular atrophy. These birds received implantations of tablets of 
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oestrone. OTC 1, which was allowed to recover from the effects of 
oestradiol injections before being killed, also belongs to this group. The 
second group comprises OTC 3, 5, 4 and 2, in which considerable comb 
atrophy and extreme testicular atrophy occurred. These received in- 
jections of oestradiol benzoate, with or without other treatment. Apart 
from OTC 1, it is most convenient to consider the birds in the order in 
which they appear in the table. 


Taste. Data relating to adult Brown Leghorn cocks 


: receiving prolonged dosage with oestrogens 
Wt. of Wt. of Wt. of 

Wt. of adre- pitui- 

OTC (initial testes nals tary 
no. » Treatment size=100) 4g. pre mg. mg. 
Controls (5 birds) — 12-30 120-296 ca. 10 
1 —_ (1) 65 mg. of oestradiol benzoate dur- 135 465 2438 400 14 


(3) A rest period of 10 injections. 
(4) A. period 
mg. in ys. shan 
of 80 days before killing 
7 Two successive tablets of cestroneim- 119 406 160 
intramuscularly 75 and 35 
before death, 89 mg. of which 
wok 


9  Ocstrone tablet implanted 34 days 94 1-73 123 — 11 


8 AsOTC9, with 8 mg. ofthetabletab- 102 160 125 198 

sorbed, plus a daily injection of 
_ 25 mg. of a horse pituitary extract 

3 (1) 65 mg. of oestradiol benzoate dur- 53 0-92 355 — — 
ing 100 days, as OTC 1. (2) A rest 
period of 70 days. (3) A second 
course of oestradiol benzoate, 40 mg. 
in 42 days, followed by killing 


5 (1) and (2) at OTC 1. (3) A second 72 0-81 172 235 
course of oestradiol benzoate, 75 mg. 
in 90 days, followed by implantation 
of an oestrone tablet for 37 days 


_ prior to killing, 17 mg. of which were 


absorbed. 
4 (3) A second 64 069 #117 «#24 — 
of oestradiol benzoate in- 3 


jctions by in 110 days, 


2 and O70. (8) A second 41 0-41 260 200° 
of oestradiol benzoate, 150 mg. : 

in 130 130 ag during which 6 mg. of 

testosterone pionate were also 


injooted, the course being followed by 
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Effect of oestrogens on testes, comb and thyroids 

OTC 7 (Fig. 1) received an implantation of a 65 mg. tablet of oestrone, 
which in 40 days was effective in decreasing 

the comb size by about 50 %. Subsequently, 4 

the comb began to grow again. Three days 
after this renewed growth a second tablet of 
40 mg. of oestrone was implanted, but was 
ineffective in checking the growth of the comb, 
which continued until the bird was killed, 
75 days from the beginning of the experiment. 
At this time the comb was larger than at the 
beginning of the experiment. Photographs of 
the comb of OTC 7 before the experiments, and 
when showing a maximum decrease, are given 0 
in Pl. I, figs. 8, 9. Time in days 


Comb size in sq. om. (L x #) 


Leghorn cocks weighed between 120 and 296mg. treatment with oes- 
a pair; those of OTC 7 weighed 160 mg. and tim of « @0 mg. tablet; 
were therefore well within the normal weight sac vale 
range. Histologically, they show slightly less 

activity of the epithelium than falls within the normal range and an 
increase in vesicle size and colloid deposition (Plate III, figs. 16, 17). 

OTC 9 received an implantation of a 103 mg. tablet of oestrone, and 
was killed 34 days later, having shown a slight increase in comb size 
during the experiment. The testes weighed 1-73 g. and were slightly 
more atrophic than those of OTC 7. There was almost complete absence 
of spermatogenesis, but no obvious disturbance of the intertubular 
tissue. The tablet recovered at autopsy weighed 98 mg., so that only 
5 mg. of oestrone had been absorbed. The thyroids weighed 123 mg. and 
did not show any gross histological abnormalities, though they were 
perhaps slightly less active looking than is usual. 

OTC 8 received an oestrone tablet of 102 mg., at the same time as 
OTC 9, together with a daily injection of 25 mg. of a gonadotrophic 
extract made from horse pituitaries (AP 61 B). 2-5 mg. of this extract 
injected in five equal daily doses into immature female rats produced a 
sixfold increase in ovary weight: The extract therefore possessed a high 
degree of gonadotrophic activity, and might have been expected to 
prevent testicular atrophy if this is due to depression of the gonadotrophic 
function of the pituitary by oestrone. The bird was killed on the 34th day 


The thyroids of five normal adult Brown fig. 1. Comb size of OTC 7 
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of the experiment. The testes, weighing 1-60 g., were slightly more 
atrophic than those of OTC 9, with tubules with only 3-4 layers of cells, 
showing no spermatogenesis. The comb had decreased a little in size, 
by about 6 % of its area at the beginning. The thyroids weighed 125 mg. 
and were similar to those of OTC 9 in histological appearance, again 
being slightly less active than normal, with somewhat large vesicles. It 
was found at autopsy that 8 mg. of thé tablet had been absorbed. 

OCT 3 (Fig. 2) was injected fortnightly for 100 days with 5 mg., and 
later 10 mg., of oestradiol benzoate in oil, receiving a total of 65 mg. At 
the end of 110 days its comb had regressed to 40 % of its former size. On © 


129 
| 
2 
5 5.10 10 10 10 010 
Time in days 


Fig. 2. Comb size of OTC 3 during and between courses of oestradiol benzoate. Each 
given in mg. 


stopping the injections, the comb grew rapidly and after a further 55 
days was of normal size again. Subsequently the bird received four 
injections, each of 10 mg., at fortnightly intervals, and once more the 
comb regressed, this time to 53 % of its former size. The bird was then 
killed. The testes weighed 0-92 g. and were much atrophied histologically. 
Only a few secondary spermatocytes were present in the small tubules, 
and the intertubular tissue appeared denser and stained more deeply than 
normal. The thyroids weighed 355 mg. and were large but not grossly 
abnormal histologically. They had again a less active appearance than is 
usual, with increased deposition of colloid in the large vesicles. 

OTC 5 (Fig. 3) received the same treatment during its early history as 
OTC 3, but proved more refractory in that the comb did not regress so 
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much. After the end of the first course of fortnightly injections the comb 
rapidly grew to above its former size. It regressed again during the 
second course of injections, but once more exhibited refractoriness 
toward the end, and actually increased in size after the administration of 
one of the injections, of 15 mg. of the benzoate. Shortly after this a 
97 mg. tablet of oestrone was implanted, the comb regressed by about 


30 % in area during the next 40 days, and the bird was killed. The tablet _ 


had lost 17 mg. of its weight, and the total dose of oestradiol benzoate 


- given was 140 mg. 
120: 
fy 
§ 
2 
Tablet 
$ $10 10101010 1010 10 10 10 1 10 0 1010 1015 
Time in days ) Time in days 
Fig. 3. Fig. 4. 


Fig. 3. Comb size of OTC 5 during and between treatments with oestradiol benzoate and 
oestrone. Each injection of oestradiol benzoate is indicated by a small arrow, the 
number above which shows the amount given in mg. “Tablet” =implantation of a 
97 mg. tablet of oestrone. 


Fig. 4. Comb size of OTC 4 during and between courses of oestradiol benzoate. Each 


injection is indicated by a small arrow, the number above which shows the amount 
given in mg. 


The testes (Pl. II, fig. 12) weighed 0-81 g. and were rather less 


atrophied histologically than those of OTC 3, but otherwise they pre- 


sented the same appearance. The thyroids weighed 172 mg., contained 
some very large colloid deposits, and the epithelium was definitely less 
active than normal. 

OTC 4 (Fig. 4) also received the two courses of injections, the second 
being concluded with three weekly injections of 10 mg. of oestradiol 
benzoate. The same phenomenon of refractoriness was observed as in 
OTC 5, but the last intensive course of injections brought the comb down 
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to 64 % of its initial area. The testes weighed 0-69 g. and were more 
atrophic than any of those previously described (Pl. II, fig. 13). The very 
small tubules showed only Sertoli cells and spermatogonia and had a 
minute lumen. The intertubular tissue was dense and deeply stained. 
The thyroids, weighing 117 mg., showed many areas of large inactive 
follicles distended with colloid, but other areas had an active, normal 
appearance. The total dose of oestradiol benzoate received alte this bird 
was 170 mg. 


1206 
80. 
i. 
4 
E 3 
$ $10 10 101010 10 10 10 0 
100. 200 300 
Time in days | Time in days 


Fig. 5. | Fig. 6. 


Fig. 5. Comb size of OTC 2 during and between courses of oestradiol benzoate. Each — 
injection is indicated by a small arrow, the number above which shows the amount 
given in mg. +-injection of testosterone propionate, amount in mg. 


Fig. 6. Comb size of OTC 1 during and after courses of oestradiol benzoate Each injection 
is indicated by a small arrow, the number above which shows the amount given in mg. 


OTC 2 (Fig. 5), the fourth bird receiving the same early treatment as 
OTC 3, responded well to the injections, as measured by comb atrophy, 
but it also showed slight refractoriness at the end of the first course. 
During a prolonged intensive second course of injections of oestradiol 
benzoate it received two doses of 1 and 5 mg. respectively of testosterone 
propionate. Comb growth was observed after one of these doses of 
androgen, but much less than was expected. The significance of this will - 
be discussed later. The second course finished with seven weekly in- 
jections of 10 mg. of oestradiol benzoate, at the end of which the comb 
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had reached its minimum size of 41 % of its original area. In all, 215 mg. 
of the benzoate were administered, and 6 mg. of testosterone propionate. 

The testes, weighing 0-41 g., were extremely atrophic, with dense 
intertubular tissue and partially obliterated tubules (PI. IT, fig. 14). The 
thyroids (PI. III, fig. 18) weighed 260 mg. and presented much the same 
appearance as those of OTC 4. 

OTC 1 (Fig. 6) was allowed to recover for 80 days after a short, 
second course of oestradiol benzoate injections. The bird had reacted 
very well previously and had not shown refractoriness to the injections. 
At one period, after the second course, the comb had regressed to about 
27 %, of its initial area, and only 20 % of its final area (Pl. I, fig. 10). 
Recovery, as measured by comb growth, was rapid (PI. I, fig. 11), but 
at autopsy the testes were still below normal weight at 4-65 g. Histo- 
logically, however, they were very nearly normal, with rather less 
spermatogenesis than is usual. The intertubular tissue stained less deeply 
and appeared normal in quantity (PI. II, fig. 15). The thyroids weighed 
243 mg. and presented the most abnormal appearance of any described. 
Many large, colloid-filled, inactive vesicles were present, with deposits of 
blood in the colloid. Surrounding them were areas with active epithelia 
. and smaller vesicles (Pl. III, fig. 19). This bird had received a total of 
105 mg. oestradiol benzoate. 


Effects of oestrogens on pituitary and adrenal glands 
The pituitaries of treated birds weighed between 9 and 14 mg., and 
were, therefore, not enlarged. Their histology has not yet been investi- 
gated. The adrenals were between 198 and 400 mg., and presented no 
obvious abnormalities. 
Desensitization to oestrogens 


The blood serum of two birds, OTC 5 and 7, which had aoquired re- 
fractoriness to treatment with oestrogens, was investigated with a view 
to finding whether any antagonistic action to oestrone could be detected. 
Both birds had received treatment with oestrone itself, in the case of 
OTC 5 subsequently to oestradiol injections. 

In an Allen-Doisy vaginal cornification test with ovariectomized 
albino mice, 0-1 yg. of oestrone in oily solution gave 70 % of positive 
responses in @ control group of twenty mice. A dose/response curve 
previously established showed that 0-2 ug. of oestrone would produce 
99 % of positive responses on the average, giving 100 % nine times out of 


ten in groups of ten mice. One group of ten mice was injected, at the 
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Fig. 10. 
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same time as the control group, with 0-2 yg. of oestrone on one side of the 
body, and with 1-0 ml. of serum from OTC 7 on the other. A second 
group of ten received 0-2 yg. of oestrone with 0-8 ml. of serum from OTC 5 
similarly injected. Both groups gave 100 % of positive responses, show- 
ing that there was no inhibition of the action of the oestrone injected, and 
that 100 ml. of serum would therefore have no inhibitory effect on as 
little as 20 ug. of oestrone. It is unlikely therefore that there was any 
activity antagonistic to oestrone present in these sera. As oestrogen was 
probably present in both sera, it is still possible that a low titre of 
antagonist may have been — and masked in the Allen-Doisy test 


by this oestrogen. 


Antagonism between oestradiol and testosterone 

The report of Gley & Delor [1937], that oestradiol benzoate is able 
to decrease the comb growth produced by testosterone, suggested that 
some of the comb regression observed in birds of the OTC series might be 
due to this action rather than to direct or indirect depression of the 
androgen secretion by the testis. OTC 2, when its comb was well atro- 
phied, was given an injection of 1 mg. of testosterone propionate, pre- 
ceded 3 days before by 20 mg. of oestradiol benzoate instead of the usual 
10 mg. (Fig. 5). At the time of injection of the androgen the comb had 
already grown suddenly and rapidly, but despite the addition of male 
hormone it ceased growing and regressed once more, presumably as the 
result, of the increase in the dose of oestradiol benzoate. Later, another 
20 mg. of oestradiol benzoate were given simultaneously with 5 mg. of 
testosterone propionate, after which the comb grew a little, but much 
less than would have occurred in a capon after the administration of 
5 mg. of testosterone propionate alone. These results indicated that the 
action of testosterone was being partially inhibited by the injections of 
female hormone, and it was thought advisable to investigate this an- 
tagonism in capons. The results obtained are shown in Fig. 7, which 
contains a series of curves illustrating the average growth obtained in 
five groups of five birds each receiving a single intramuscular injection 
of 150 pg. of testosterone propionate, alone or with varying amounts of 
oestradiol benzoate simultaneously injected into the opposite breast 
muscle. Some inhibition was obtained with as little as 10 yg. of oestradiol 
benzoate, yet the response was not entirely abolished by as much as 
10mg. Birds with the higher doses of oestradiol also showed a more 
rapid comb regression, after attaining their maximum growth, than did 
those receiving male hormone alone. Miihlbock [1938] has now shown 
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that a daily dose of 5 mg. of oestradiol benzoate will completely abolish 
the response of capons to 100g. daily of androsterone, and that 500 yg. 
of oestradiol benzoate, given alone, will cause — of the already 
atrophic capon comb. 


7 


w 
EN 


Av. comb growth of group (2 +H) in mm. 


Days after injection 


injection of 150 yg. of testosterone propionate: A, alone; B-H, together with 10, 
100, 1000 and 10,000 ug. of oestradiol benzoate respectively. The two hormones were 
injected at different sites. 


It is clear, therefore, that very large doses of oestradiol benzoate are 
that they are not highly effective in so doing. 


There is good evidence that, in the mammal, prolonged wi dosage 
with oestrogens causes depression of the pituitary activity, followed by 
regressive changes in the gonads and thence in accessory organs, In- 
hibition of growth also occurs when young animals are chronically 
treated with oestrogens. The pituitaries of rats respond to the treatment 
by an increase in size, and eventually by extreme hypertrophy [see 
Zondek, 1935, 1937, for review and new data]. 

_Zondek does not record pituitary abnormalities in his dwarf fowls, 
and the pituitaries of my own birds were not enlarged. Since the comb 
regression observed may have been due to direct antagonism between 


capable of inhibiting the action of male hormones on the capon comb, nat 
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oestradiol benzoate and the naturally produced androgenic hormones of 
the bird, the evidence that the effects observed after prolonged dosage of 
the cock are solely due to depression of the pituitary body is not conclu- 
sive. There is some doubt as to the significance of the failure of a gonado- 
trophic extract to maintain the testis in an oestrogenized bird, since the 
activity on birds of the extract in question had not been controlled by 
testson hypophysectomized fowls. I have been informed that a somewhat 
similar extract, also made from horse pituitaries, did not, in fact, show 
significant gonadotrophic activity in young White Leghorn and Barred 
Rock chicks of either sex. (Private communication to Dr A. 8. Parkes 
from Dr 8. 8. Munro, ype of Agriculture, Ottawa, Cntario, 
Canada.) 

The comb size and testis weight at death, and the total dose of 
oestrogen received, are correlated, and the comb was not found below 
normal size in any bird with testes weighing more than 1 g. Since a pair 
of normal testes weigh 12-30 g. (data from five control birds) it is clear 
that a considerable diminution in size of testis can take place without 
resulting in comb atrophy. In the atrophic testes there is a much higher 
proportion of intertubular tissue than in normal ones, becoming higher 
the farther regression has proceeded. No attempt to determine this 
- proportion has been made, but inspection of Figs. 12-15 (Pl. II) shows 
that it is probable that very little decrease in the amount of this tissue 
~ occurs during the early stages of oestrogen treatment. The secretion of 
androgens by the testis might therefore be expected to continue sufii- 
ciently to maintain comb size, despite the antagonistic action of the 
administered oestrogen, until considerable testicular regression occurs. 
The fact that continued constant dosage with oestradiol benzoate eventu- 
ally causes the comb to reach a minimal size, below which it will not re- 
gress without increase in dosage, indicates that the production of andro- 
gens by the testis is by no means completely inhibited by any but 
massive doses. | 

The rapidity with which comb growth takes place after injections are 
stopped, or even during treatment, when refractoriness occurs, seems to 
indicate that the greater part of the observed diminution in comb size is 
due to direct inhibition of the action of circulating male hormone. 
Nevertheless, it cannot be doubted that very severe atrophy of the testis 
is caused by massive dosage with oestrogen. This damage, however, 
appears to be reversible. The degree of testicular recovery in OTC 1 was 
great, no permanent damage appeared to have been caused by the two 
courses of oestradiol benzoate. This is perhaps an indication that the 
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testicular regression is due to lack of sufficient stimulation by the pitui- 
tary, and not to direct damage by the oestrogen. 

Depression of functions of the pituitary gland other than the gonado- 
trophic action are less clear in this bird material. Spencer, D’Amour & 
Gustavson [1931] reported inhibition of growth in rats receiving oestrin 
injections over a period of 9 weeks. Zondek [1937] has shown that, both 
in the bird and in the rat, the growth-producing effect of the anterior 
pituitary is inhibited by heavy dosage with oestrogen, and Barnes, 


Regan & Nelson [1933] produced depression of the diabetogenic activity 


of the anterior pituitary in rats by the same means. The observations on 
the OTC series make it likely that there was some interference with the 
thyrotrophic function of the pituitary body. The effect was not profound, 
and with the dosage employed there was no production of typical 


thyroid-deficiency changes in the feathers. The changes observed 


consisted in enlargement of some of the thyroid vesicles and excess 
deposition of colloid, without regular enlargement of the whole gland 
(Pl. III, figs. 17, 18). A weight increase previously reported [Emmens, 
1938] has proved to have occurred in an abnormal case, and it is not 
usually present. It is curious that the thyroids of OTC 1, a bird which 
_was allowed to recover from the effects of treatment, presented these 
abnormalities in a more extreme degree than other birds, together with 
intra-vesicular haemorrhage. The condition of this bird suggests that 
direct damage to the thyroids may have occurred. 

The dosages necessary to produce the effects described may be 
calculated roughly from the data available. Continuous administration 
by absorption from a tablet of oestrone is relatively very effective, but 
sufficient information is not available at present to enable dosage to be 
given accurately to birds by this method. Moreover, administration of 
high doses necessitates the implantation of several tablets. In OTC 8 and 
9, 5-8 mg., absorbed over 34 days, an average of 150-250 wg./day, was 
sufficient to reduce the testis weight to about 10 % of the normal, but 
did not affect the comb. In OTC 5, 17 mg. absorbed over 37 days, an 
average of 460 ug./day, produced comb atrophy. Injection of 5 mg. of 
oestradiol benzoate per fortnight seems to be about the minimum dose 


_ that will cause comb regression in most birds, equivalent in total, but — 


doubtless not in effect, to the daily injection of about 350 zg. Since 
oestradiol, in the ordinary test on ovariectomized rats or mice, is several 
times more active than oestrone, the greater effectiveness of continuous 
dosage by implanting a tablet of compressed oestrogen is apparent. 
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SuMMARY 


1. Prolonged heavy dosage of oestrone or oestradiol benzoate will 
cause, in the adult Brown Leghorn cock, extreme atrophy of the testes 
and comb, and also thyroid disturbances. No obvious abnormality of 
the adrenals was seen, nor were the pituitaries of treated birds enlarged. 

2. Spontaneous refractiveness to treatment is common after a 
varying period of dosage, but has not been shown to be due to any 
antagonistic activity arising in the blood. 

3. The comb recovers rapidly and the testes slowly after the cessation 
of treatment. 

4. In the capon, oestradiol benzoate partially inhibits the effect of 
testosterone propionate. It is likely that the comb atrophy seen in 
treated birds is contributed to by this antagonistic action of the exo- 
genous oestrogens towards the bird’s own androgens, which continue to 
be produced by the testes even after atrophy of _ tubules has become 
advanced. 


My best thanks are due to Dr A. 8. Parkes for the constant interest which he has taken 
in this work, and to Organon Laboratories for the supply of oestradiol benzoate and tablets 
of oestrone. 
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EXPLANATION OF PLATES 1-111: 


Pirate I. Comss 


Fig. 8. Head of OTC 7, before treatment. 
Fig. 9. Head of OTC 7, 37 days after the implantation of a 65 mg. tablet of oestrone. The 
comb is atrophic. 
Fig. 10. Head of OTC 1, 100 days of Srentenent with benzoate by 
injections (65 mg. total). The comb is atrophic. 
Fig. 11. Head of OTC 1, 48 days after cessation of treatment with oestradiol benzoate. 
The comb has regained normal size. 
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Prate Il. Tesrms, x 81 


zoate and oestrone (Fig. 3). The tubules are small and atrophic, and the intertubular 
tissue is dense. 

Fig. 13. Testis of OTC 4 (weight 0-69 g.), after still more intensive treatment with oestra- 
diol benzoate (Fig. 4). The tubules show only Sertoli cells and spermatogonia. 

Fig. 14, 
benzoate (Fig. 5). The tubules are partially obliterated. 

Fig. 15. Testis of OTC 1 (weight 4-65 g.), after 80 days in which the bird was allowed to 
recover from oestradiol benzoate injections (Fig. 6). 
complete. 

Pirate Ill. x 66 


Fig. 16. Thyroid of a normal cock. 


Fig. 17. Thyroid of OTO 7, after the implantation of tablets of oestrone (Fig. 1). The vesicles 


are partially distended with colloid and somewhat less active than normal. 
Fig. 18. Thyroid of OTC 2, after intensive treatment with oestradiol benzoate (Fig. 5). 
The vesicles are much enlarged in some areas, with less active epithelium than normal. 
Fig. 19. Thyroid of OTC 1, 80 days after the cessation of oestradiol benzoate injections 


(Fig. 6). The vesicles are nearly all much enlarged and the epithelium inactive in some 
regions. Deposits of blood occur in the colloid of some of the vesicles. 
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HISTAMINE RELEASE IN ANAPHYLACTIC SHOCK 
FROM VARIOUS TISSUES OF THE GUINEA-PIG 


By H. 0. SCHILD 


From the Departments of Pharmacology, University of 
Edinburgh and University College, London 


(Received 20 January 1939) 


THE present paper deals with a simple method of detecting histamine 
release in anaphylactic shock. The method has been used for measuring 
the quantities of histamine liberated from various tissues of the guinea- 
pig in anaphylactic shock and for studying more closely the relationship 
between histamine release and muscular contraction in isolated organs. 
Some of the results have been communicated to the Physiological 
Society (Schild, 1937]. 
METHOD 

Isolated tissues of guinea-pigs sensitized to egg albumen are immersed 
in a solution of the antigen. This leads to a release of histamine and its 
diffusion into the surrounding fluid. It is not necessary to slice tissues to 
obtain adequate diffusion, as long as they are not too bulky, but it is 
advisable to open hollow organs such as the gut and the aorta and to free 
them of contents which may interfere with the assay. Temperature is an 
important factor; other conditions such as oxygenation, stirring or hand- 
ling of the tissues do not affect the release of histamine appreciably. 

Small guinea-pigs weighing 200-350 g. were used. The animals were 
sensitized by injecting 10 mg. egg albumen intraperitoneally at periods 
varying from 1 to 3 months before the actual experiment. In most cases 
crystalline egg albumen was used which Dr A. Deutsch kindly prepared 
according to the method described by Sorensen & Hoyrup [1917]. The 
animals were killed by a blow on the head, the tissues were removed, 


washed in cold Locke’s fluid and weighed. They were then immersed for 


a period of 10 min. in test tubes containing a small volume of Locke’s 
solution at 37°. These control solutions were as a rule quite inactive when 
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assayed on the guinea-pig’s gut, since no appreciable amount of gut- 
contracting substance diffuses from isolated tissues of sensitized guinea- 
pigs immersed for 10 min. in warm Locke’s solution without antigen. 
The tissues were then transferred into a “shock” solution similar to the 
control but containing an additional 1/10,000 egg albumen, and 10 min. 
were allowed for the diffusion of histamine into the surrounding fluid. 

As a rule the solutions were assayed at once on the atropinized 
guinea-pig’s gut; in case of delay the solutions were brought to boiling 
point in order to prevent bacterial action and then kept in the ice chest. 

Histamine values are expressed in terms of histamine base (histamine 
acid phosphate/3). 

TIME RELATIONS 

The time relations of histamine release were studied on the aorta. In 
spite of its small weight the isolated abdominal aorta is a good object for 
quantitative study, since it releases with great regularity large quantities 
_ of histamine during the anaphylactic reaction. 

Figs. 1a and 1b show the rate of diffusion of histamine from the aortae 
of sensitized guinea-pigs during anaphylactic shock. Isolated aortae were 
immersed for consecutive short periods in test tubes containing the 
antigen in Locke’s solution. A certain amount of histamine diffuses from 
the tissues into the surrounding fluid and is determined by assaying the 
“shock” fluids on the guinea-pig’s ileum. If samples are collected at 
intervals of 1 min. release is gréatest during the 2nd min. and afterwards 
decreases in an exponential curve. With an interval of 15 sec. there is a 
latent period of 15 sec. followed by a gradually increasing release, which 
attains its maximum at the beginning of the 2nd min. Release is very 
nearly completed in 10 min. . 

Effect of temperature on histamine release. Histamine release in ana- 
phylactic shock is diminished at low temperatures. In experiment R 114 
(Table I) two strips from the same aorta which had been kept at 37° were 
placed one in a warm (37°) and the other in a cold (17°) antigen solution. 
The amount of histamine released during 10 min. at 17° was only 15 % of 
that released at 37°. If instead of placing the tissue straightway in a 
cold antigen solution it is left for 15 sec. in an antigen solution at 37° and 
then transferred into a solution at 17° (Exp. R 116, Table I) relatively 
large amounts of histamine continue to pass from the tissue into the cold 
solution, its final histamine content being 50% of the control. The 
difference between 15 and 50% represents the additional histamine 
release caused by raising the temperature to 37° during the first 15 sec. 
contact with the antigen. Since, as shown above, no appreciable amount 
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Figs. la and 16. Release of histamine from guinea-pig’s isolated aorta in anaphylactic 
shock. At O tissues were immersed in a solution of the antigen. In Fig. 1a determina- 
tions were made at intervals of 1 min., in Fig. 1} at intervals of 15 sec. The shaded area 

yea in Fig. 1b represents the limit of accuracy of the assay. 


Tasuz I. Release of histamine from sensitized aortae during successive periods, 
A, 'B, C, of immersion in solutions of the antigen of varying temperature 


Duration of immersion at 
A Histamine 
87° 37° release 
Exp. A B C pg./g- 100 a/b 

R li4a — 10 min. 0-7 16 
| 3 b 10 min. 
15 sec, 10 min. 2-2 50 
é b 10 min. 4-4 
1 min, 9 min. 4-4 78 
b 1 min. 9 min. 5-6 
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of histamine appears during that period in the surrounding fluid, pre- 
sumably something happens inside the tissue which causes the additional 
histamine to pass out at a later stage into the cold solution. 

Histamine release apparently is a two-stage process, consisting of a 
first reaction, requiring higher temperatures, which occurs mainly during 
the first few seconds’ contact with the antigen, and a second, slower — 
reaction which can proceed at lower temperatures, and probably de- 
termines the release curves shown in Fig. 1. A simple way of interpreting 
these results would be to assume that the quick process represents the 
release of histamine from the cell, and the slow process the diffusion of 
released substance from intracellular spaces into the surrounding fluid. 


Fig. 2. Release of histamine (ug-/g. of tissue) from various organs in anaphylactic shock. 


(The author can offer no explanation of the one discrepant result obtained on the 


— 


HisTAMINE RELEASE FROM VARIOUS TISSUES 
Experiments on various other tissues are summarized in Fig. 2. Dots 
indicate the amount of histamine released from various sensitized tissues 
kept for a period of 10 min. in a solution of the antigen at 37°. Circles 
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represent negative results, their position indicating the limit of sensitivity 
of the assay. The results are plotted on a logarithmic scale. Control 
solutions obtained during a preceding period of immersion without 
antigen were as a rule inactive; if not, their activity was subtracted from 
the final result. 

It will be seen that there are striking differences in the amounts of 
histamine released from various tissues, particularly those of the ali- 
mentary canal on one side and the aorta, lungs and uterus on the other. 
The average release from the aorta was 3-8 yg. histamine per g. of tissue, 
whilst the ileum in six out of seven cases released no detectable amount 


(<0-05 ug./g.). The oesophagus is the only part of the alimentary tract 


which liberates considerable amounts of histamine during anaphylactic 
shock. The stomach as a rule showed no histamine release after addition 
of the antigen, the results are, however, somewhat less reliable, since it is 


- rather difficult to free the stomach of digested material and to obtain 
_ totally inactive control solutions. The skin freed of hairs and subcu- 


taneous tissue always showed a detectable histamine release during the 
anaphylactic reaction. 

The histamine content of tissues. In order to find out whether the 
differences in histamine release are due to variations in histamine content 
of the tissues, the ileum and the uterus of sensitized and unsensitized 
guinea-pigs were extracted by a method similar to that described by Code 
[1937] and their histamine content determined (Table II). It is evident 
that there is no connexion between the amount of histamine present in 
the two tissues and the quantities liberated during anaphylactic shock. 


Tasz Il. Histamine content of uterus and ileum of guinea-pigs 


Histamine 
content 
Exp. Tissue Method of assay (ug-/g. of tissue) 
R 62 Uterus Sensitized Atropinized cat’s 20 
Gut is blood pressure 20 


R11l8a@ Uterus Sensitized 

Gut 

R1186 Uterus Unsensitized 
Gut 


Nature of the released substance. Further pharmacological tests to 
identify the substance released in anaphylactic shock were done on 
“shock” fluids from the heart and uterus, the “shock” fluid from the 
heart was compared with histamine on the following preparations: the 
guinea-pig’s gut and uterus, the unatropinized cat’s blood pressure. The — 
shock fluid from the uterus was tested on the guinea-pig’s gut and uterus. 
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The quantities of histasiio like ‘substance released from a single 
organ in shock are not sufficient to perform satisfactory assays on several 
preparations. The tests were therefore carried out with composite “shock 
fluids containing the active principles collected from several hearts or 
uteri. The assays performed on the composite “shock” fluid from the 
heart are shown in Fig. 3. It will be seen that in three tests the activity 
of the “shock” fluid was intermediate between that of a solution of 
1:5 and 1: 10 million histamine. The fluid obtained from the uterus had 
an activity of 1:27 million histamine on the guinea-pig’s uterus and of 
1: 33 million histamine on the guinea-pig’s gut. 


Fig. 3 The histamine equivalent of “shock” fluid (8) from guinea-pig’s hearts estimated 
by the cat’s blood pressure (upper tracing), the atropinized guinea-pig’s gut (lower left 
- tracing) and uterus (lower right tracing). In each test S is approximately equivalent 
to 1: 7-5 million histamine. 


The substance recovered from the uterus also resembled histamine 
in its physico-chemical properties. It was resistant to prolonged boiling 
in concentrated HCl. 75 % of the activity was recovered with alcohol in 
the following way. The “shock” fluid was taken down to dryness after 
addition of a few drops of diluted HCI and the residue was extracted 
with absolute alcohol to which one drop. of concentrated HCl had been 
added. 

_ The satisfactory agreement obtained in various tests on “shock” 
fluids from the isolated heart and uterus suggests that the pharmaco- 
— action of these solutions is mainly due to histamine. 
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HISTAMINE RELEASE AND MUSCULAR CONTRACTION 


The apparent absence of histamine release from the small intestine is _ 
particularly interesting, since it is well known that the isolated ileum of a 
sensitized guinea-pig contracts in anaphylactic shock [Schultz, 1912]. 
According to the histamine theory of shock, muscular contraction should 
be caused by a release of histamine. It might be argued that in the case of 
a highly sensitive tissue such as the gut the release of a minute quantity 
of histamine, too small to be detected, would be sufficient to produce a 
full contraction of the muscle. The argument, however, should not be 
applicable to tissues which are relatively insensitive to histamine; these 
might be expected to contract only if an appreciable quantity of hista- 
mine were released, but not in the absence of histamine release. Table 
_ TIT shows the relationship between histamine release, muscular contrac- 
tion and sensitivity in various tissues. It will be seen that the results 
taken as a whole support the histamine theory. 


contraction in anaphylactic shock 
Histamine Sensitivity 
release to histamine’ Contraction* 

Uterus + + ++ 
Seminal vesicles ++ 

Bladder + - + 

Oesophagus 

Tleum ~ ++ 

Stomach (antrum vie (+) 

longit.) 


1 + =highly sensitive; — =relatively insensitive. 
? + +=maximal; + =medium; (+)=feeble; =absent. 
Longitudinal strips from the major curvature of the antrum pylori 
are relatively insensitive to histamine. In sensitized guinea-pigs these 
strips do not release an appreciable amount of histamine after addition of 
the antigen and muscular contraction is feeble or absent. On the other 
hand, tissues such as the bladder, the seminal vesicles and the oesophagus, 
which are rather insensitive to histamine but release relatively large 
‘quantities of the substance, always contract during anaphylactic re- 
action. Finally, highly sensitive tissues such as the ileum and the uterus 
contract maximally during shock, whether they release histamine or not. 
These relationships were investigated quantitatively. _ 
Quantitative relationships. If histamine causes muscular sctienchian in 
anaphylactic shock, the effect will depend first on the amount of hista- 
mine released, secondly on the effective concentration at the site of 
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action, and thirdly on the sensitivity of the tissue to histamine. The first 
and third factors can be determined directly, the second indirectly by 
comparing the contraction in anaphylactic shock with that produced by 
histamine added to the bath. The assumption is that if the two contrac- 
tions are matched, the concentration of released histamine at the site 
of action is equal to that of histamine added to the bath. : 
A comparison of the action of histamine and of anaphylactic shock on 
isolated seminal vesicles is shown in Fig. 4. It will be seen that the con- 
traction caused by the antigen was equal to that produced by 4yg./c.c. 
histamine. In a parallel strip of tissue histamine release was determined 


Fig 4. Isolated seminal vesicle of sensitized guinea-pig. Comparison of effects of histamine 
(H) added to the bath (volume=25 c.c.) and of anaphylactic antigen (Ov). The 
contraction during anaphylactic shock was matched by adding 4yg./c.c. histamine to 
the bath; histamine release, however, which was determined at the same time on the 
seminal vesicle of the opposite side, was only 0-26 ug./g. of tissue. 


and found to be 0-26 wg./g. of tissue. It follows that a release of 0-26 yg./g. 
corresponds to 4g./c.c. added to the bath, giving a ratio of 15. A number 
of such comparisons were made on the seminal vesicles; the results are 
shown in Table IV. . 
Comparing the figures in columns A and B of the Table (ratio A/B), 
it will be seen that the concentration of histamine released from the 
seminal vesicles in terms of yg./g. of tissue is always considerably lower 
than that of an equally effective dose of histamine added to the bath. 
The ratio A/B is of interest in relation to results obtained on the ileum. 
The small intestine is very sensitive to histamine and contracts maxi- 
mally, with a concentration of approximately 0-1 yg./c.c. (Table IV). 
Anaphylactic shock likewise produces a maximal contraction. Assuming 
that a ratio A/B of 8 holds good for the ileum, the release of gy yg./g. of 
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Tasiz IV. Comparison of the effects of released histamine and of 


histamine added to the bath 
Contraction in 
ana A 
shock (ug-/c.c.) (ug-/g-) A/B 
Seminal Max >4 1-20 >3-8 
vesicles Submax 10 0-80 12-5 
Submax 4 0-26 15-4 
Max. >4 0-50 >8-0 
Tleum Max. >0-08 <0-04 pias 
Max. >0-12 <0-015 — 
Max. >0-12 <0-04 me 
Max. >0-04 <0-05 — 


A=concentration of histamine producing an effect equal to anaphylactic shock when 
added to the bath; when the heures eee 
concentration of histamine producing a nearly maximal contraction 

B =release of histamine uring anaphylactic shock expressed in terms of yg./g. of tissue. 


tissue should be sufficient to cause a maximal contraction. A concen- 
tration of that order, however, is too small to be detected by our methods, 
since it is within the limits of activity of control solutions. It is thus 
conceivable that in anaphylactic shock the gut may release a quantity 
of histamine sufficient to produce a aetiea contraction, but too small 
to be detected directly. 


Discussion 


The results on isolated tissues here described are not inconsistent with 
a histamine theory of anaphylaxis if it is assumed that relatively small 
amounts of histamine are effective in anaphylactic shock owing to its 
high concentration at the site of release. Sensitive tissues therefore 
contract even though the amounts of histamine released are too small to 
be detected while insensitive tissues do not contract unless appreciable 
amounts are released. Certain tissues however liberate much more 
histamine than would be needed to produce a maximal contraction. The 
uterus, for instance, releases a hundred times more histamine than the 
ileum although their sensitivity is of the same order. It may be that the 
active substance released from tissues such as the uterus and the aorta 
produces its main effect through the general circulation rather than at the 
site of release. : 

Failure of the gut to release appreciable amounts of histamine is not 
due to lack of the substance inside the tissues, since approximately 
equal quantities can be extracted from the ileum and the uterus. It 
might be suggested that the alimentary canal is being gradually de- 
sensitized towards the action of egg albumen by some closely related 
protein ingested with food. This explanation, however, would not account 
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for the large histamine release from the oesophagus. Possibly a closer 
study of the distribution of the enzyme histaminase in various parts of 
the alimentary canal might throw some light on the variations in hista- 
mine release. 

Feldberg & Kellaway (1937, 1938] and Feldberg, Holden & Kellaway 
[1938] have shown that snake venom causes the release of histamine and 
at least two other substances from various tissues. Histamine appeared 
to be present in a preformed state, as it is in anaphylaxis [Bartosch, 
1935]. The other two substances, however—lysocithin and a substance 
producing a slow contraction of the gut—were formed by the action of 


cobra venom. This opens up interesting possibilities, since it is conceiv- — 


able that a substance which is formed inside the cell may have a pharma- 
cological action without being released. No direct evidence is at present 
available to indicate whether the above-mentioned substances play a 
part in anaphylactic shock, their presence, however, would go far in 


accounting for certain aspects of anaphylactic shock which are difficult to 


- explain on the basis of histamine release alone [Schild, 1936a, 5]. 

The release of a histamine-like substance from the isolated skin 
during anaphylactic shock is of interest in view of the failure of previous 
workers [Lewis & Grant, 1924; Harris, 1927; Percival & Scott, 1931] to 
prove that histamine is present in urticarial blister fluid. The present 
method could perhaps be adapted to show histamine release in human 
allergic conditions. 


SUMMARY 


_ 1. A simple diffusion method is described for detecting histamine 
release from isolated guinea-pig’s tissues in anaphylactic shock, and the 
_ time relations of release are analysed. 

2. Histamine release during anaphylactic shock varies markedly in 
different tissues; it is greatest in the aorta and usually absent in the 
stomach and ileum. The latter contracts without apparently releasing 
_ histamine. There is no connexion between the histamine content of tissues 
and the magnitude of histamine release. | 

3. The relation between the effect of released histamine and that of 
histamine added to the bath has been studied in various tissues and it is 


concluded that the results are not inconsistent with a histamine theory of 


anaphylaxis. Whether or not other substances play a part in the ana- 
Bede rope of the guinea-pig it is certain that histamine has a 
considerable effect both at the site of release and after assing into the 
general circulation. 
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‘SURFACE TENSION AND ABSORPTION SPECTRUM 
OF FEMALE URINE OVER A MENSTRUAL CYCLE 


By W. TREVOR EARLAM ann R. A. MORTON 
From the Chemistry Department, University of Liverpool 
(Received 25 January 1939) 


Accorpine to Selous & Perryman (19354, b) the surface tension of the 
first morning specimen of normal human female urine exhibits a monthly 
cyclical variation which corresponds closely to the menstrual cycle. “On 
the hypothesis that this might be linked to hormonic secretions, to which 
the menstrual cycle is due, control experiments were carried out simul- 
taneously on male subjects. The resulting curves show that whereas that 
of the male has no regular form, that of the female exhibits a cyclical 
nature corresponding to the menstrual rhythm. The four phases (resting, 
constructive, destructive and repair stages). . .are shown in the majority 
of cases, but, as can well be understood, not always with the marked 
regularity shown in Fig. 10. At the point A the surface tension has a 
maximum value...and this appears to correspond to that period... 
where ovulation occurs. In each individual examined this maximum is 
well marked.” . .“It is known that certain hormonic activities such as 
the excretion of Prolan A near the mid-point of the cycle are of a periodic 
nature and it is legitimate to suggest that these causative substances are 
connected with the hormones responsible for the menstrual cycle.” 
Inasmuch as nothing is known concerning the nature of the capillary 
active substances concerned, we were attracted by the idea of repeating 
the work of Selous & Perryman and extending it by spectroscopic study 
of the urines throughout the menstrual cycle. If the variation in surface 
tension could be correlated with changes in spectral absorption, the task 
of recognizing and isolating the active substance might be facilitated. 
Unfortunately, the surface tension of urine is a somewhat elusive 
quantity. As Selous & Perryman have fully established, the surface 
tension may change by several units if the urine is allowed to stand for a 
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few minutes without stirring; this effect is perhaps due to slow adsorp- 
tion of products related to the bile acids. If we allow for the fact that 
absolutely fresh urine cannot always be obtained and that it usually needs 
centrifuging and that even so there is a large time-factor, it is not surpris- 
ing that the true surface tension is difficult both of access and definition. 

First morning specimens of urine from two normal women were 
available for examination by 9.30 a.m. and surface-tension measurements 
were made during the morning (except Sundays) by three methods, viz. 


(i) Method of capillary rise. 
(ii) “Drop-number” method (stalagmometer). 
(iii) Method of maximum bubble pressure. 


_ Each specimen was centrifuged on arrival and examined with the 
minimum delay because decomposition accompanied by deposition of 
solid seemed to be occurring all the time. The urines were also examined 
spectrophotometrically. 

It is not necessary to describe the technique used for determining 
surface tension. All three methods had previously been tried out on a 
variety of pure liquids and satisfactory agreement obtained in each case 
with published data. In our experience the stalagmometer gave the most 
trustworthy data on urines. 

Table. I shows the data obtained for one subject. The other set of 
figures was very similar. 

From the comparison of the graphs obtained by Selous & icine 
[19356] with those obtained by us it is evident that the cyclic variations in 
surface tension over a complete menstrual cycle are not easy to verify 
more than very qualitatively. A large decrease in surface tension during 
menstruation is, however, confirmed. The absorption spectra data suggest 
that the capillary active substance excreted during menstruation either 


exhibits no characteristic selective absorption or else is entirely masked 


by uric acid. 

The notation used for the spectrophotometry is as follows: 

If I, is the intensity of light of wave-length A incident on an absorption 
cell and J the emergent intensity, log,)I,/I =H (extinction); for a hetero- 
geneous substance like urine it is convenient to specify FE at a wave- 
length A for a 1 % solution in distilled water and a thickness 1 cm. 

Urine may show a single band with Amax near 270 my. or 285 my. and 
both maxima may often be recorded for the same sample. The former 
nearly always arises from purines derived from beverages (tea, etc.) and 
the latter from uric acid. Both bands are influenced by pH. 
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Fig. 2. ——— Capillary rise. ---- Maximum bubble pressure. - --- Stalagmometer. 
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Fig. 1. —— Capillary rise. ---- Maximum bubble pressure. ---- Stalagmometer. 


72-69 


23456 7 8 9 12 13 14 15 16 17 161 


1-2 3 4 5 6 7 6 9 10 I 12 13 14 15 16 17 18 19 20 2) 22 23 24 25 2% 27 BW 


3 


50 


3 
.0Z “w0/soufp) oozing 


72 


SURFACE TENSION AND ABSORPTION SPECTRUM 


+ 
A 
70 
; 
R 
¢q 
x 
“3 
4 
R x 
/ 
‘ 
4 66 A 99 
| rine 
id 
4 4 
a 
: 
9 7 28 29 
& 
4 
q 
G 
\ - 
‘ 
‘ 
¥ 
BS Sa 
| rine % 3 
| 
| 
3 
ag 
A 
7 
wa 


408 W. T. EARLAM AND R. A. MORTON 


Some absorption bands are very shallow, i.e. Emax is not much greater 
than Emin. Such bands have poor persistence. If, however, E at the wave- 
length of maximum absorption is great compared with E at the wave- 


length of minimum absorption the persistence in % [a al x 100 | 
is considerable. 

It was decided at this stage to perform a few subsidiary experiments 
on “synthetic” urine and on pregnancy urines in order to ascertain 
whether the decrease in surface tension during menstruation could be 
assigned to the presence of some of the known minor constituents of 
urine. 

In preparing the “synthetic” urine advantage was taken of the 
average figures quoted by Bodansky [1934]. The following constituents 
were added in succession without any significant change in the surface 
tension: 


Inorganic constituents of urine added to tap water. 
. Urea (22 g./l.) added. 

. Hippuric acid (0-5 g./l.) added. 

. Uric acid (0-5 g./l.) added. 

. Creatinine (0-7 g./l.) added. 


Various samples of pregnancy urines known to contain a and 
oestrogenic substances were then studied, some of the specimens being 
obtained by means of a catheter. In no case was a very low value ob- 
tained for the surface tension. In addition a 2 % solution (by volume) of 
Antuitrin 8. (Parke-Davis & Co.) was also tested and gave a surface 
tension of 73-38 dynes/cm. at 20°C., indicating the absence of any — 
capillary activity on the scale demanded by the problem. 

The above experiments largely exclude the sex hormones of pregnancy 
urine from responsibility for the decrease in surface tension during 
menstruation. 

A distinction should be drawn between urine passed normally during 
menstruation (and therefore contaminated to a variable extent by washing 
the lower end of the vagina around the urethral orifice) and the urine 
found in the bladder. It was therefore decided to obtain several catheter 
specimens of urine during menstruation. ‘On measuring the surface 
tensions values ranging from 62-69 dynes/cm. were obtained—a normal 
range for normal urines. It therefore seemed likely that the low values" 
obtained by Selous & Perryman were due to contamination by the 
products of menstruation. In order to test this possibility a sample of 
urine passed ay during menstruation was compared with a 
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catheter specimen withdrawn later in the day. Following this catheter 
specimen the vagina was washed out with about 100c.c. of distilled 


water. 
Surface tension of urine passed normally 25 dynes/cm. 
Surface tension of urine withdrawn by catheter later in the day $019 ‘i | 
Vaginal washings ; 52-29 


Addition of vaginal washings to catheter specimens brings about a 
sharp drop in the surface tension. Absorption spectra of vaginal washings 
gave no clue as to the nature of the capillary active material. 

These data are at first: sight out of harmony with the suggestion that 
low values are due to contamination. Actually, however, they are in 
accord with the daily variations recorded by Selous & Perryman [19356, 
140): 

Surface tension of female urine (typical): 


6 a.m. ca, 63 dynes/cm. 
1] a.m. ca. 70 ” 
4p.m. ca, 61 Ra 


9p.m.ca.67 


The very low figure of 52 is outside the normal — variation and 
was only obtained in menstrual urine. . 


CoNCLUSIONS 


1. Male urines tend to exhibit uniformly higher values for the surface 
tension than female urines. This may indicate a greater tendency to 
contamination of the latter after leaving the bladder. 

2. The decrease in surface tension is especially marked during 
menstruation, but the capillary active product is best studied as a con- 
stituent of vaginal washings, This is particularly clear if notice is taken of 
the large variations in surface tension which occur during the day [cf. 
Selous & Perryman, 19355). 

3. The capillary active product has not been correlated with any 
characteristic selective absorption. 
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THE CAPACITY OF PITUITARY PREPARATIONS 
CONTAINING THE THYROTROPHIC HORMONE 
TO INDUCE THE FORMATION OF ANTISERA 


By I. W. ROWLANDS anp F. G. YOUNG 
From the National Institute for Medical Research, Hampstead, London 


(Received 27 January 1939) 


In 1929 Loeb & Bassett found that the stimulating effect on the mamma- 
lian thyroid gland of frequent injections of the hypophyseal thyrotrophic 
hormone could not be maintained indefinitely. This observation has been 
confirmed by many authors [see Werner, 1938 for references]. Prolonged 
treatment with thyrotrophic substance causes the thyroid gland to return 
to its original condition, and the basal metabolic rate of the chronically 
treated animals is found to be normal or even subnormal. Collip & 
Anderson [1934] observed that the administration to normal animals of 
the serum of animals thus rendered refractory could induce a state of 
insensitivity to the action of the thyrotrophic substance. The active 
substance in the serum was called an “antihormone” [Collip, 1934]. 
There has been much speculation as to the nature of the mechanism 
whereby these “antihormones” are produced. Twombly [1936] has 
found that gonadotrophic substance, partially inactivated by heat, or 
completely so by ageing, is as effective as the active hormones in evoking 
insensitivity. de Fremery & Scheygrond [1937], using an extract of male 
urine containing only traces of gonadotrophic material as antigen, 
obtained an antiserum which inhibited the action of extracts of preg- 
nancy urine. It has been suggested that antihormones are antibodies 
formed as the result of the injection of foreign proteins. Such a concept is 
in harmony with the above observations, with those of Parkes & Rowlands 
[1936] and Rowlands [1938], on the species specificity of antisera to 
pituitary substances, and also with the findings of Werner [1936, 1938] 
concerning the influence of the treatment of anterior pituitary prepara- 
tions on their ability to evoke the formation of antisera. The latter 
investigator found that guinea-pigs chronically injected with a sodium 
sulphate preparation of ox pituitary gland, after an initial period of 
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thyroid stimulation, became refractory to further treatment, as shown 
by the histological picture of the thyroid gland and by the lack of in- 
fluence of the extract on the basal metabolic rate. Another pituitary 
extract prepared with flavianic acid, having the same degree of thyro- 
trophic activity, produced, under similar conditions, a continued state of 
stimulation in the'thyroid of the test animal. Furthermore, the thyroid 
glands of animals resistant to the effects of the sodium sulphate extract 
could be stimulated by the flavianic acid extract. The capacity of 
thyrotrophic extracts to induce the formation of antithyrotrophic sub- 
stance in the serum of an animal appeared, therefore, to be unrelated to 
their physiological activity. This belief was strikingly confirmed by the 
_ development of refractoriness to the action of thyrotrophic hormone, as 
the result of daily treatment with an amount of sodium sulphate extract 
which was so small as to produce no observable rise in the basal metabolic 
rate when injected into a guinea-pig every day for a prolonged period 
[ Werner, 1936, 1938]. Further support for this idea has been provided by 
Oudet [1938], who showed that a weak antithyrotrophic serum could be 
obtained from animals treated with an extract of ox muscle. | 

The investigations described in the present paper were undertaken in 
order to determine whether or not a relatively purified preparation of the 
pituitary thyrotrophic substance was as active as a crude pituitary 
extract in evoking the formation of antithyrotrophic serum, During 
investigations on the production of antisera to prolactin, it was inci- 
dentally observed that antiprolactin serum possessed antithyrotrophic 
activity, although the prolactin preparation, used as the antigen, pos- 
sessed no detectable thyrotrophic activity. This observation, which si 
already been briefly reported [Young, 19385], assumes some interest in 
the light of other observations reported in the present communication. 


EXPERIMENTAL 
Preparation of anterior pituitary extracts 

All the extracts used in the present investigation were prepared from 
commercial (B.D.H. Ltd.) acetone-desiccated ox anterior lobe powder. 

(a) Crude pyridine extract was prepared by stirring with 20 ml./g. of 
50 % aqueous pyridine for 2.-hr. at room temperature. The pyridine- 
soluble material was precipitated by the addition of 4 vol. of 96 % alco- 
hol, and the precipitate dried with absolute alcohol and ether. The yield 
was about 10 % of the weight of desiccated gland. Two extracts, Thyro- 
trophin 15 B and 24 B, were prepared in this way. 
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(b) Thyrotrophic hormone (thyrotrophin), free from prolactin as tested 

on the pigeon crop (systemic test), was obtained by the method described 
by Young [19384]. In brief, the method consisted in extraction of the 
acetone-desiccated gland with 60 or 70 % aqueous alcohol at pH 8-10, 
according to the method of Bates & Riddle [1935]. The soluble fraction 
was precipitated by increasing the alcohol concentration of the extract 
and adjusting the pH to about 5. The precipitate was dissolved in water 
at pH 8 and the “prolactin fraction” precipitated by adjusting the pH 
to about 3-5 in the presence of 0-5 % sodium sulphate. The material 
which remained in solution under these conditions (the “thyrotrophic” 
or “D” fraction) was precipitated by the addition of 4 vol. of alcohol. 
' The precipitated material was then dissolved in water at pH 8, and the 
solution dialysed against distilled water in the cold store until free from 
SO,”. Prolonged dialysis resulted in the formation of a precipitate 
(“D,” fraction) which contained only a small proportion of the thyro- 
trophic activity. This was centrifuged off and the material in solution 
(“D,” fraction), which was used as the source of thyrotrophic activity, 
was precipitated by the addition of 5 vol. of alcohol (a trace of NaCl was 
added if necessary) and dried with alcohol and ether. The yield was about 
1 % of the desiccated gland. | 
__ (¢) Prolactin was prepared from the “prolactin fraction” obtained 
according to the method described in the previous paragraph. This 
fraction was dissolved in water at pH 8. The pH of the solution was 
adjusted to the point of maximum precipitation, about 5-5, and the 
precipitated material re-dissolved at pH 8, followed by precipitation at 
pl 5:5, a large number of times. The material insoluble at pH 5-5 (“C” 
fraction) was finally dried with alcohol and ether. The yield was about 
10 % of the weight of desiccated gland. Two preparations, Prolactins 
50 C and 52 C, were used. 


Methods of biological assay 
(a) Thyrotrophic activity, Thyrotrophic activity was assayed by the 
method of Rowlands & Parkes [1934]. The results are expressed as the 
average increase in the weight of the thyroid glands of groups of 5-10 


guinea-pigs which occurred in response to tlie daily subcutaneous in- 
jection of material for 5 days. 

(b) Prolactin assay. The prolactin content of the extracts was assayed 
by the pigeon crop-gland method, according to the technique described 
by Rowlands [1937]. The results are expressed as the average increase in 
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weight of the crop-glands of a 300 g. pigeon occurring as the result of 
six daily injections of material. 

The biological properties of the above preparations are shown in 
Table I. | 
Tastz I. Biological properties of the different preparations used 

Thyrotrophic stimulating activity 


g 
Thyrotrophin 15 B 2 a 2-93 
248B 2 19 2-12 

” 32 D, 1 25 20 0 

a 37 D, 1 21 20 0 
Prolactin 50 20 0 ‘J 10 
20 =¥ 1 10 


Table I shows that neither of the two thyrotrophic extracts, Thyro- 
trophin 32 D, and 37 D,, contains any crop-gland stimulating activity 
which was detectable by our methods, and that the prolactin preparations 
contain no measurable thyrotrophic activity. It also shows that the 
pyridine extracts, Thyrotrophin 15 B and 24 B, contain considerable 
crop-gland stimulating activity, with a lower thyrotrophic activity than 

the prolactin-free preparations. 
Production of antisera 

(a) Antithyrotrophic sera. To each of a group of ten adult female 
rabbits (ATH 104-113) were given daily subcutaneous injections of 
25 mg. of Thyrotrophin 24 B. Samples of serum were obtained by 
bleeding each rabbit from the marginal ear vein every fortnight. After 
14 weeks of treatment the rabbits were bled out from the carotid artery 
under ether anaesthesia. 

To another group of five adult female rabbits (ATH 99-103) were 
given daily injections of 10 mg. of Thyrotrophin 37 D,. Samples of 
serum were obtained at fortnightly intervals, and the animals were bled 
out after 154 weeks of treatment. | 

The data in Table I show that the amounts of Thyrotrophin 24 B and 
_ 37D, injected daily for the production of antisera were approximately 
eqvieciad as regards thyrotrophic activity. 

(b) Antiprolactin serum. Six adult female rabbits were each given a 
daily subcutaneous injection of 170 mg. of Prolactin 50 C for 7 weeks, and 
then daily injections of 130 mg. of Prolactin 52 C for another 16 weeks. 
Samples of serum were obtained at frequent intervals. 

The results of investigations on the antiprolactin activity of sera 
prepared in this manner have already been reported [Young, 19386}. 
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Testing of antisera 

The activity of the antisera in inhibiting the action of thyrotrophic 
preparations was determined as follows: A suitable dose of thyrotrophic 
preparation was administered daily for 5 days to each of a group of young 
guinea-pigs, and at the same time an injection of the antiserum under 
- test was made into another part of the body. In testing the antiprolactin 
serum for antithyrotrophic activity, a control test was simultaneously 
carried out, using the same dose of the thyrotrophic preparation together 
- with normal rabbit serum. The inhibitory action of the antiserum was 
expressed as the number of mg. of thyroid growth prevented by the 
daily injection of 1 ml. of serum. Thus if 1/2 ml. of serum had been in- 
jected daily for the assay, the difference in the average weight of the 
thyroid glands between the two groups was multiplied by « in order to 
obtain a figure representing the amount of thyroid growth prevented by 
the daily injection of 1 ml. of antiserum. : 


RESULTS | 

Fig. 1 gives the results of the assays of the antithyrotrophic activity 
of the sera prepared against Thyrotrophin preparations 24 B and 37 D,. 
It will be seen that the inhibitory activities of the two sera are about equal 
up to 8 weeks of injection of the donor animals. After 14 weeks’ in- 
jections, however, the inhibitory activity of the serum from animals 
receiving Thyrotrophin 24 B is over three times that of the antiserum 
induced by injections of Thyrotrophin 37 D,. The high antithyrotrophic 
activity of the antiserum produced against Thyrotrophin 24 B was 
confirmed in another experiment. In this experiment the antiserum 
[Serum B: Rowlands, 1939] possessed a similar high degree of antithyro- 
trophic activity after 12} weeks of daily injection of Thyrotrophin 24 B. 

Although series of tests for antiprolactin activity of the antiserum to 
Thyrotrophins 24 B and 37 D, were not carried out, a test on the final 
blood sample from the rabbits receiving injections of Thyrotrophin 37 D, 
showed that this antithyrotrophic serum contained no demonstrable — 
amount of antiprolactin activity. 3 


Tasiz II. Antithyrotrophic activity of antiprolactin serum 
Time donor rabbits Thyrotrophic extract Inhibitory activity. 


were injected daily used in testing anti- Thyroi wth 
weeks Thyrotrophin 


1 32 D, 17 
I 32 D, 21 
24B 16 
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It will be seen from the results in Table II that the antiserum 
obtained by the daily injection of a preparation of prolactin possessing 
no detectable thyrotrophic activity, exhibited about one-half the anti- 
thyrotrophic «activity of a serum produced by injections of an active 
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Thyroid growth prevented by the daily injection of 1 ml. serum (mg.) 


50 
40+ 
30 + 
20 
10F 
0 2 4 6 8 10 12 14 16 18 


. Period during which donor animals were injected (weeks) : 
Fig. 1. Development of antithyrotrophic activity as the result of continued daily injections 
of thyrotrophin. x----x crude Thyrotrophin 24 B injected. ©—© purified. 
Thyrotrophin 37 D, injected in equivalent amount. @ represents the result of another 


experiment with Thyrotrophin 24 B. 
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thyrotrophic preparation (cf. Fig. 1). The findings are summarizéd 


diagrammatically : 
| 
| 
Thyrotrophic fraction Prilectia frection Crude ine extract 
activity No detectable thyrotro- 
=+++++ 
No detectable prolactin activity = +++ 
Antithyrotrophic = + + Antithyrotrophic= + 
Antiprolactin =0 Antiprolactin = Antiprolactin = + 
| 


Precipitin tests were kindly carried out by Dr W. I. Strangeways on 
the antithyrotrophic sera. These sera were tested for their precipitin 
reactions with ox pituitary preparations as well as with ox serum. 
The effect of absorption of the antisera with ox serum was also examined. 
As would be expected, all the untreated antisera reacted not only with 
the pituitary preparations tested, but also with ox serum. After ab- 
sorption with ox serum, however, an interesting difference was observed 
between antiprolactin and antithyrotrophic sera. Whereas absorption 
with ox serum did not diminish the precipitin reactions of antiprolactin 
serum with prolactin preparations [Strangeways, 1938], similar treat- 
ment of the antithyrotrophic sera greatly reduced the detectable pre- 
— to the active thyrotrophic preparations tested. 


Discussion 


The results presented above show that there is no clear and direct 
relationship between the thyrotrophic activity of the extracts used and 
their power to evoke antithyrotrophic activity. Thyrotrophin 37 D,, 
which had about 2} times as much activity per mg. as Thyrotrophin 24 B, 
induced the formation of an antiserum having only about one-third the 
activity of that produced by an equivalent thyrotrophic dose of Thyro- 
trophin 24 B. Even the serum produced by injections of prolactin, con- 
taining no detectable thyrotrophic hormone, had about one-half the 
— activity of that induced by injections of Thyrotrophin 

7 D,. 

The prolactin used in these experiments showed no thyrotrophic 
activity with the ordinary scale of test dose, but the amount admin- 
istered daily to produce the antiprolactin serum was very large, so that 
the presence of some thyrotrophin in these —— doses (170 or 130 mg. 
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daily) cannot be regarded as directly excluded. The assay dose of the 
prolactin (20 mg.), which failed to show any thyrotrophic action, was 
more than 1/10 of the daily antigenic injection, whereas a similar fraction 
(ie. 1 mg.) of the daily antigenic dose (10 mg.) of Thyrotrophin 37 D, 


_ showed a pronounced thyrotrophic activity, doubling the weight of a 


guinea-pig’s thyroid gland under the conditions of our test. This shows 
quite clearly that there is no direct relationship between the thyrotrophic 
activity of the antigenic material and the antithyrotrophic activity of the 
antisera. It is possible, of course, that the prolactin contained such a 
trace of thyrotrophin as to be undetectable by our somewhat gross test, 
but that nevertheless the antigenic power of this trace was sufficient to 


- account for the antithyrotrophic activity of the antiprolactin serum. 


Such an assumption would appear reasonable in the light of Werner’s 
results (1936, 1938] according to which the daily injection of very 
small doses of thyrotrophic extract, insufficient to cause a rise of basal 
metabolic rate, produced refractoriness to the thyrotrophic action of 
large doses of extract in guinea-pigs. Nevertheless, it fails to provide an 
explanation for the much greater antigenic activity of the crude Thyro- 
trophin 24 B, as compared with the purer preparation 37 D,. 

The general lack of relationship between antithyrotrophogenic 
activity and thyrotrophic activity can be most easily explained by the 
assumption that the antigenic substance and thyrotrophin are not 
necessarily identical. It is unnecessary to assume that thyrotrophin 
itself is not antigenic, but merely that another substance, having little or 
no thyrotrophic activity but antigenically similar, is present in anterior 
lobe extracts. Hooker & Boyd [1934], Wolfe [1935] and others, have 
shown that long continued immunization with chemically similar sub- 
stances, e.g. albumin from duck’s egg and that from hen’s egg, although 
increasing the antibody content of the antisera, appreciably diminishes 
the specificity of the antisera, and induces the appearance of cross- 
reactions. If we assume that the inhibitory substances to hormone 
preparations are antibodies in the immunological sense, and that pro- 
lactin and thyrotrophin are immunologically similar, then a serum 
produced by long-continued immunization with prolactin might be 
expected to exhibit antithyrotrophic activity. At the present. stage, 
however, although we can say very little about the chemical nature of the 
hormones of the anterior pituitary lobe, there seems no obvious a priors 
reason to suppose that they are closely related chemically, or immuno- 
logically similar. The thyrotrophic hormone and prolactin are easily 
differentiated by purely chemical means (unlike the albumins from hen’s 
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and duck’s eggs) and there is no reason to suppose that theyarechemically _ 
similar, unless it be assumed that two substances elaborated by the same _ 
gland must be closely related structurally. In our opinion such an — 


assumption is not justified. The large number of substances produced by 
the cells of the liver, for example, can be cited as evidence against it. 
There is no evidence that thyrotrophin and prolactin are interconvertible, 
and, in the absence of evidence that they are chemically similar, we think 
it unwise to assume that they are related antigenically. 

Twombly [1936] has produced antisera capable of neutralizing the 
action of gonadotrophic substance, by using inactivated gonadotrophic 
substance as an antigen. The possibility must be considered that our 
prolactin preparation was, indeed, free from thyrotrophic activity, but 
that it contained some inactivated thyrotrophin, and that this acted as 
an antigen for the production of an antithyrotrophic serum. The anti- 
thyrotrophogenic activity of inactivated thyrotrophin has not been 
demonstrated, but Twombly’s results suggest that it may exist. The 
prolactin fraction is separated by taking advantage of its insolubility 
at particular hydrogen-ion concentrations, the thyrotrophin remaining 
soluble at these reactions. It is not inconceivable that a change in some 
of the thyrotrophin, during the processes to which the extract is subjected, 


might inactivate it and at the same time “denature” it to such an extent 


that it would be partly precipitable with the prolactin fraction, without 
completely altering its antigenic properties. If that were so, an expla- 
nation would be available for the antithyrotrophic activity of the 
antiprolactin serum, and the lack of obvious antiprolactin action of the 
antithyrotrophic serum. 
During the process of preparation of Thyrotrophin “ D,”’ fractions, the 
final stage necessitated dialysis of the ““D” fraction for the removal of 
Na,SO,. As the result of prolonged dialysis against distilled water, 
material having little thyrotrophic activity precipitates (“‘D,” fraction). 
This fraction is discarded and only the material which remains in 
solution under these conditions (“D,” fraction) is used as a source of 
thyrotrophic hormone. The antigenic power of the discarded “D,” 
fraction has not yet been determined, but the results of such an investiga- 
tion might be of some interest in the light of the above discussion. Ex- 
periments with thyrotrophin similar to those of Twombly with gonado- 
trophic substance should also be carried out, but the difficulty and cost 
of obtaining the large amount of material necessary for such experiments 


are great, and it seems desirable to record at this stage the experimental 
facts so far obtained. 
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1. Antiserum produced by the injection of a crude pyridine extract 
of ox anterior lobe exhibited much greater antithyrotrophic activity than 
antiserum obtained by the injection of physiologically equivalent amounts 
of a relatively purified thyrotrophic preparation. 

2. Antiprolactin serum obtained by the daily injection of a relatively 
purified preparation of prolactin containing no detectable thyrotrophic 
hormone, possessed definite antithyrotrophic activity. 

3. These results are discussed in relation to the theory that anti- 
hormones are antibodies, the formation of which may be evoked by 
substances which have lost, even if they ever possessed, relevant physio- 
logical activity. 

. 4, Precipitin reactions between the antithyrotrophic sera and thyro- 
trophin preparations were not found to be specific for the pituitary 
antigens. | 


We wish to express our thanks to Sir Henry Dale and Dr A. S. Parkes for their advice 
and interest in this work, and also to Dr Winifred I. Strangeways for carrying out the 
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THE PHARMACOLOGICAL ACTIONS OF DIETHYL- 
STILBOESTROL AND OTHER OESTROGENIC 
AND NON-OESTROGENIC SUBSTANCES 


| By R. F. DAWSON anp J. M. ROBSON 
Department of Pharmacology, University of Edinburgh 
(Received 15 February 1939) : 


It is well known that oestrogens have a marked effect on certain pharma- 
cological properties of the uterine smooth muscle. Thus, the spontaneous 
rhythmic contractions and the response of the uterine: muscle to the 
oxytocic hormone of the posterior pituitary lobe are both increased in 


substance diethyl-stilboestrol which has a very high oestrogenic activity, 
and since the sodium salt of this substance can easily be formed and is 
water soluble, it was decided to investigate its effects on the uterine muscle. 
The unexpected and potent inhibitory actions obtained in the preliminary 
experiments led to a more extensive investigation of the pharmacological 
activities of this substance and especially of its actions on various types 
of smooth muscle in the body. 

Experiments on the action of stilboestrol on smooth muscle in vitro 

The effects of the drug were determined on the uterus and small 
intestine of the rabbit and the guinea-pig; on the uterus of the rat; on the 
small intestine of the frog; and on the rabbit’s aorta (spiral preparation). 
All the mammalian smooth muscle preparations were suspended in 
100 c.c. baths of oxygenated Ringer-Locke solution at 37-5° C. and records 
taken on a smoked drum. The small intestine of the frog was suspended 
in a 10 c.c. bath of oxygenated frog’s Ringer at room temperature. 

Experiments were performed with three different samples of diethy]- 
stilboestrol and the effects obtained when the samples were tested on the 
same preparations of smooth muscle proved to be identical within the 
limits of experimental error. We are indebted to Dr Carr of B.D.H. Ltd. 
and Dr Neumann of Schering Ltd. for supplies of the drug. 


animals treated with oestrin [Reynolds, 1937; Robson, 1934]. Recently 
Dodds, Goldberg, Lawson & Robinson [1938] have described a synthetic - 
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Fresh solutions of stilboestrol were made up for each experiment: . 
5 mg. were dissolved in 3c.c. of warm N/10 NaOH, diluted with Ringer- 
Locke, and sufficient of the dilution added to the bath to make up the 
required concentration. Control experiments showed that none of the 
effects ascribed to stilboestrol were due to changes in pH. When the 
stilboestrol was first diluted with Ringer-Locke a clear solution was 
obtained, but this usually became cloudy in some 20 min., forming a 
colloidal suspension. There was no demonstrable difference between the 
activity of the clear solution and of the colloidal suspension. 

It was found that stilboestrol produced an inhibitory effect on all 
types of smooth muscle tested. This inhibitory effect was exerted both 
on the spontaneous rhythmic contractions, and on the tone of the muscle. 
Following the addition of the drug to the bath, the spontaneous con- 
tractions decreased or ceased altogether, and the tone was diminished. 
With large doses these effects came 
on very quickly and the spontan- 
eous contractions ceased altogether, 
whilst with smaller concentrations 
the effects came on more gradually, 
and the inhibition of movement was 
only partial. The concentrations of 
the drug needed to inhibit the dif- 
ferent types of smooth muscle investi- 
gated varied somewhat, though most 
preparations showed very definite — 
inhibition with concentrations of “"§iowing the effect of stilboestrol on the 
1/1,000,000. Such an effect is illus-  hythmic contractions and response to 
trated in Fig. 1, which shows the choline added to bath. B, lin 
action of this concentration of stilb- 
oestrol on the small intestine of the 
rabbit. The threshold doses for the various tissues are shown in Table I, and 
it is noteworthy that the rat’s uterus is the most sensitive, showing some 
inhibition with concentrations of 1/10,000,000. A further feature of the 
action of stilboestrol was its effect on the response of smooth muscle to 
drugs. The oestrogen decreased or completely abolished the response of 
smooth muscle to drugs which usually caused contraction. The degree of 
inhibition depended on the doses used. Such an effect is illustrated in 
Fig. 1, which shows that the action of a dose of 0-5 yg. of acetylcholine 
on the rabbit’s small intestine was totally abolished in the presence of a 
concentration of stilboestrol of 1/1,000,000. The whole series of experi- 
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Taste I. Concentration of stlboestrol (negative logarithm) which inhibits im vitro 


Response to 
pituitary 
Response Response (posterior Response Response 
Tissue to to lobe) to to 
Small intestine of tone choline adrenaline extract histamine BaCl, 
6-4 6-4 >6 6-3 
Uterus of rabbit 6 >5-7 >5:7 6 
Uterus of rat 7 6: — 6°7 _— >6 
Small intestine of 6 6 — ~ — 6 
Frog’s intestine 6-3 6 


ments is summarized in Table I, Which gives all the types of smooth 
muscle investigated. This table shows that the motor response to all the 

tested was abolished or diminished by the concentrations of 
stilboestrol sufficient to produce a marked diminution in the spontaneous 
activity. The doses of the drugs used to produce a motor effect were so 
adjusted for each tissue as not greatly to exceed the amounts necessary 
to produce the threshold response. 


Fig. 2. Guinea-pig’s uterus in vitro, Showing the effect of stilboestrol on the rhythmic 
contractions and response to pituitary (posterior lobe) extract. A, C, D, 0-5 unit 
pituitary (posterior lobe) extract added to bath. B, Stilboestrol 1 in 10° added to bath. 
Solution changed between A and B, C and D. See ens, heat. Intervals, A-B, 
10 min.; C-D, 40 min. 


The effects of stilboestrol on the spontaneous contractions, on the 
tone, and on the responses to motor drugs are slowly reversible on chang- 
ing the solution. In some experiments the muscle returned almost to its 


normal condition within half an hour of changing the solution, but in 


other experiments the action of stilboestrol was more persistent. This was 
especially the case when high concentrations of stilboestrol had been 
added to the bath. This return to normal is illustrated in Figs. 1 and 2. 
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The effect: of stilboestrol on the reaction of smooth muscle to drugs 
which usually produce an inhibitory effect was also investigated. The 
results are complicated by the fact that stilboestrol itself produces — 
inhibition, and that therefore only small concentrations of the drug could 
be used. The results suggest, however, that stilboestrol does not interfere 
with the action of drugs producing inhibition. 

The effect of stilboestrol on the response of smooth muscle to direct 


electrical stimulation was also investigated, the small intestine of the 


Fig. 3. Rabbit’s small intestine in vitro. Showing the effect of stilboestrolfon the response 
to direct electrical stimulation and to acetylcholine. B, C, D, F, H, K, Direct electrical 
stimulation. A, E, G, J, L, 0-5 jig. acetylcholine added to bath. Between C and D, 
Stilboestrol 1 in 10°? added to bath. Between G and H, Stilboestrol 1 in 105-* added to 
bath. Solution changes between A and B, E and F, pe re : 

- stilboestrol), and J and K. Time intervals, 5 sec. 


rabbit being used. The method of stimulation was similar to that de- 
scribed by Prasad [1935]. Two lamps in series acted as a potential divider, 
giving 40-50 V. a.c., which was led to the muscle through a variable 
resistance. It was found that stilboestrol inhibited the response of smooth 
muscle to electrical stimulation, though this effect appeared to be rather 
less than the effect on the response of the same muscle to acetylcholine. 
Fig. 3 illustrates this inhibition. 

The effect of stilboestrol on the smooth muscle of blood vessels was 
also investigated by perfusion of the rabbit’s ear, the method used being 
that recently described by Gaddum & Kwiatkowski [1938]. This experi- 
ment showed that the addition of stilboestrol (1/10,000) was followed by an 


_ Increase in the perfusion rate due to vaso-dilatation of the blood vessels. 
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Ropers on cardiac muscle. The action of stilboestrol was in- 
vestigated on the cardiac muscle of the rabbit and of the frog. The frog’s 
isolated auricle strip was suspended in a 10 c.c. bath of oxygenated frog’s 
Ringer at room temperature, and the contractions recorded on a smoked 
drum with a light balanced lever. In the case of the rabbit the isolated 
auricle preparation described by Chang [1937] was used, the temperature 
of the bath being maintained at 27° C. No demonstrable effects on the 
rate or amplitude of the spontaneous contractions of the auricle prepara- 
tions were produced by concentrations of stilboestrol up to 1/50,000, i.e. 
with concentrations some twenty times greater than those usually effective 
for smooth muscle, 

Actions of allied substances in vitro. The question arose whether the 
inhibitory action of stilboestrol on smooth muscle was related to its 
oestrogenic activity, and in order to investigate this question, experi- 
ments were performed to determine the effects on the isolated rabbit’s 
intestine of a number of other substances, namely: of oestradiol, pro- 
gesterone, testosterone; of phenol, tripheny] ethylene and tripheny] chlor- 
ethylene; of tripheny! vinyl alcohol, «-phenyl cinnamic acid, and acetyl] 
a-phenyl cinnamic acid; and of benzpyrene. We are indebted to Dr 
Macbeth of Organon Ltd. for supplies of oestradiol and progesterone and 
to Dr Miescher of Ciba Ltd. for the supply of testosterone. The substances 
were in all cases dissolved in absolute alcohol, and sufficient of this 


__~ solution (0-1-0-3 ¢.c.) added to the bath (100 c.c.) to produce the desired 


concentration; a colloidol suspension was in all cases formed. The 
possibility that alcohol produced any of the observed effects was always 
excluded. In each experiment the effects of the substance under in- 
vestigation were compared with those of stilboestrol. It was found that 
oestradiol caused, in a concentration of 1/1,000,000, a slight inhibition of 
the spontaneous rhythmic activity of the isolated intestine, and a slight 
diminution of the motor response to acetylcholine: in concentrations of 
1/200,000, however, it caused an inhibition of spontaneous rhythmic 
activity and of the motor response to adetylcholine comparable to that 
produced by a concentration of stilboestrol of 1/1,000,000. These 

are illustrated in Fig. 4. 


Progesterone produced an effect on the msateniene contractions and 


response to acetylcholine similar to oestradiol, while testosterone had 


little or no effect on either in concentrations of 1/200,000, 

Phenol, when added in a concentration of 1/500,000, caused a slight 
augmentation of the spontaneous rhythmic movements of the gut and 
in concentrations of 1/100,000 markedly augmented the contractions. 
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Triphenyl ethylene and triphenyl chlor-ethylene in concentrations of 
1/1,000,000 had no demonstrable effect on the spontaneous rhythmic 
movements of the gut; in concentrations of 1/200,000, however, there was 
a slight motor effect: but in neither case was there any effect on the extent 
of the motor response to acetylcholine. 

Triphenyl vinyl alcohol, a-phenyl cinnamic acid and acetyl «-pheny] 
cinnamic acid all had no effect on the spontaneous movements or tone of 
the isolated gut in concentrations of 1/1,000,000. 


Fig. 4. Rabbit's small intestine in vitro. Comparing the effects of oestradiol and stilboestrol. 
A, C, E, G, J, 2 ug. acetylcholine added to bath. B, Stilboestrol 1 in 10* added to bath. 
D, Ocstradiol 1 in 10* (in 0-06 c.c. alcohol) added to bath. F, Oestradiol 1 in 10°-* (in 
0-3 o.c, aloohol) added to bath. H, 0-3 c.c. alcohol added to bath. Solution changed 
between A and B, C and D, E and F, and G and H. Time intervals, 1 min. 


The carcinogenic substance benzpyrene when added to the bath in 
concentrations of 1/200,000 had no effect on either the spontaneous 
rhythmic activity and tone or on the motor response to acetylcholine. 


Experiments in vivo 

In view of the results obtained with stilboestrol in vitro it seemed 
desirable to determine whether similar results could be produced on 
smooth muscle in the intact animal by the administration of the drug 
intravenously. 

Methods. Cats were investigated under chloralose anaesthesia and 
tabbits under nembutal anaesthesia, except for the investigation of the 
uterine movements, when ether anaesthesia was used. The blood pressure 
was recorded with the vagi cut. The intestinal contractions were recorded 
by means of a Cushny myograph similar to that previously used for 


recording the longitudinal contractions of the uterus [Robson & Schild, 
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1938], while the contractions: of the rabbit’s uterus were recorded by 
means of a cannula introduced through the cervix [Robson, 1935]. 

The intravenous injection of stilboestrol causes a temporary fall in 
blood pressure. Even when the doses of the drug are large (up to 10 mg.) 
this fall is not great, and only lasts for a few minutes. The effect is illus- 
trated in Fig. 5. The effects on the movements of the small intestine and 
of the uterus of a similarly large dose of stilboestrol are also small and of 
short duration. Furthermore, no effect on the response of these smooth 
muscle systems to drugs could be observed. Thus the vasomotor reaction 
to various doses of adrenaline was the same before and after the adminis- 
tration of stilboestrol and the response of the uterus to pituitary (posterior 
lobe) extract also remained unaffected by large doses of stilboestrol. 


Fig. 5. Cat’s carotid blood pressure. A, 1 mg. stilboestrol injected intravenously. B, 5 mg. 


stilboestrol injected intravenously. Time intervals, 5 sec. 


Moreover, the contractions of the nictitating membrane of the cat pro- 
duced by various doses of adrenaline were not affected by the intravenous 


injection of the same large doses of stilboestrol. In all these experiments — 


an interval of a few minutes was allowed to elapse after the intravenous 
injection of stilboestrol before the various doses of the other drugs were 
given. 

These results suggested that when stilboestrol i is injected intraven- 
ously it is in some way very rapidly inactivated or removed from the 
circulation, so that the injection of even large doses produces only 
small and temporary effects on the activity of smooth muscle under the 
experimental conditions described. In a further experiment, therefore, the 
drug was injected intravenously at the constant rate of 1 mg./min. into a 
cat weighing 3-5 kg. It was found that this had no effect on the blood 
pressure, nor was the response to adrenaline of the vascular system or of 
the nictitating membrane decreased during the period of the infusion. It 
therefore seemed desirable to produce a high local concentration of the 
drug by introducing it into the circulation at a point as near as — 
to the organ under investigation. 


hg 
> 
2g 
“ay 
ay 
™ 
4 
¥ 
pe 
§ 
. 
‘ 
4 
4 


ACTIONS OF DIETHYL-STILBOESTROL 427 


7 Experiments on perfusion of intact organs 
| : Method. The experiments were performed on cats under chloralose 
anaesthesia. A loop of the small intestine was perfused through a branch 


Fig. 6. Showing the effects of stilboestrol on the perfused intestinal loop and on the per- 
fusion pressure (cat). Upper tracings, contractions of perfused loop. A, acety|choline 
10yg. injected into perfusion cannula. Between A and B, 20 yg. of stilboestrol were 
added to the perfusion reservoir. B, 50 yg. acetylcholine injected into perfusion 
cannula. C, 50 yg. acetylcholine injected into perfusion cannula. D, 10 yg. acetyl- 
choline injected into perfusion cannula. Lower tracings, perfusion-pressure. A, B, C, 
1 pg. adrenaline injected into perfusion cannula. Between A and B, 20 mg. “a 
cestrol were added to the perfusion reservoir. Time intervals, 30 sec. 


of the mesenteric artery by means of a perfusion pump similar to that 
previously used for the perfusion of the uterus [Robson & Schild, 1938]. 
The blood for the reservoir was taken from the carotid artery, and the 
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rate of blood flow from the carotid into the reservoir was automatically 
controlled by the following device. The carotid cannula, the reservoir, and 
the pressure tubing connecting the two were made into a closed system 
filled with blood, with an air pocket in the reservoir, and as the blood was 
emptied by the pump from the reservoir it was automatically filled again 
from the carotid. The perfusion pressure was recorded on the kymograph 
as well as the contractions of the perfused loop. The blood from the 
perfused loop returned into the general circulation. Stilboestrol was 
added to the reservoir in the usual solution in alkaline Ringer-Locke. 
Control experiments showed that the results were not due to the small 
amount of alkali introduced. Other drugs were directly injected by means 
of a syringe into the cannula in the mesenteric artery. Clotting was — 
prevented by means of injections of heparin. That the loop was completely 
perfused was proved at the end of the experiment by the addition of 
methylene blue to the perfusion fluid. 

Results. The addition of 10-20 mg. of stilboestrol to the perfusion 
reservoir led to a prolonged fall of the perfusion pressure and to a depres- 
sion of the contractions of the perfused intestinal loop. The vasomotor 
response obtained when adrenaline was injected into the perfusion cannula 
and the contractions of the intestinal loop brought about by the injection 
of acetylcholine were both decreased in the aramid of stilboestrol. 
These effects are illustrated in Fig. 6. 


Discussion 

The experiments show that diethyl-stilboestrol produces a marked 
inhibitory effect on smooth muscle, affecting not only the spontaneous 
activity and tone but also its motor response to a variety of drugs and to 
direct electrical stimulation. Since these effects are produced by com- 
paratively high dilutions of the drug and since they are entirely reversible 
it would appear that they are not due to a toxic action which results in 
injury to the tissue. The fact tha the response of the muscle to barium 
chloride and to direct electrical stimulation are both inhibited suggests 
that the action of the drug is exerted directly on the muscle, since it is 
generally accepted that barium chloride and electrical stimulation act 
directly on the muscle. The results, indeed, suggest that diethyl-stilb- 
oestrol produces a reversible inhibitory effect on the contractile me- 
chanism of smooth muscle, though the nature of this effect requires further 
investigation. Why the contractions of cardiac muscle remain unaffected 
by much larger concentrations of the drug can at present only be a subject 
of speculation, but these results show that the drug does not merely 
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exert a general depressant action such as is produced by alcohol and 
anaesthetics. | 

‘The results show that the inhibitory action on smooth muscle pro- 
duced by certain compounds is not necessarily correlated with the oestro- 
genic activity of these compounds. ‘Thus, although oestradiol has an 
oestrogenic activity equal to, if not greater than, stilboestrol, its inhibitory 
effect on smooth muscle is much less; further, progesterone, which has no 
oestrogenic activity, exerts a definite inhibitory action on smooth muscle 
equal to that of oestradiol. Moreover, the investigation of action of smooth 
muscle has revealed definite differences between the pharmacological 
action of certain types of oestrogens: thus the synthetic oestrogen stilb- 
oestrol has a much more potent action than a natural oestrogen oestra- 
diol, while two other synthetic compounds, triphenyl ethylene and 
triphenyl chlor-ethylene, not only do not inhibit smooth muscle but even 
possess a slight motor effect. 

Another interesting feature of the actions of stilboestrol is the wide 
difference between the potency of its effects on smooth muscle in vitro 
and in vivo. Thus while a concentration of the drug of 1/1,000,000 added 
to the bath produces a marked and prolonged effect, the intravenous 
injection of 5 mg. giving an approximate blood concentration of 1 in 
20,000 produces only a small and transitory effect or no effect at all. 
_ There are three possible explanations for this discrepancy in the apparent 
effective concentrations, namely: (1) that the drug is rapidly broken 
down in the blood and tissues, though this appears unlikely in view of the 
known duration of the oestrogenic effect of stilboestrol, (2) that the drug 
is removed from the circulation or inactivated by a definite organ or 
organs (e.g. the liver), and (3) that the drug is in some way rapidly rendered 
inactive in the blood. The fact that in the experiments on the perfusion 
of an intestinal loop concentrations of stilboestrol of the order of 1/3000 © 
produced effects less than are produced by the concentration of the drug 
in vitro of 1/1,000,000 offers strong support to the view that, in so far as 
its pharmacological activity on smooth muscle is concerned, the drug 
is rapidly inactivated in the blood stream. | 

The question arises whether the pharmacological actions of the drug 
are of any significance in its clinical use. Since the action in the intact 
animal is so much smaller than that on the isolated organs it seems un- 
likely that, in the doses at present used, any appreciable pharmacological 
effect could be produced on smooth muscle. There is thus not much 
likelihood that the drug can be used as an antispasmodic, nor is it likely 
that any toxic effects are to be expected either through an action on the 
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heart or on smooth muscle. Clinical observation has shown that oral 
administration of stilboestrol occasionally produces nausea and vomiting. 
Our experiments show that the drug is a powerful inhibitor of plain 
muscle, but we cannot suggest any connexion between this fact and the 
side effects mentioned above. 

SuMMARY | 

1, Rabbit’s, guinea-pig’s and frog’s small intestine and rabbit’s, 
guinea-pig’s and rat’s uteri were suspended in oxygenated physiological 
solution; the addition of diethyl-stilboestrol in concentrations of 1/10*- 
1/10’ produced : 

(a) Inhibition of thespontaneous rhythmic contractionsand of the tone. 

(b) Inhibition of the motor responses of the muscles to adrenaline 
acetylcholine, histamine, pituitary (posterior lobe) extract, BaCl,, and 
direct stimulation. 

All these effects were slowly reversible. 

2. Oestradiol and progesterone in concentrations of 1 la004 000 pro- 
duced an effect on the rabbit’s small intestine in vitro similar to that 
produced by a concentration of stilboestrol of 1/1,000,000, Tripheny] 
ethylene and triphenyl chlor-ethylene in concentrations of 1/200,000 pro- 
duced a slight motor effect but did not affect the reaction to acetylcholine. 

3. No effects were produced on the rabbit’s and frog’s auricle + in vitro 
by concentrations of stilboestrol of 1/50,000. | 

4. The intravenous injection of 10-20 mg. of stilboestrol produced 
only a temporary and small effects on the blood pressure and on the i in- 
testinal and uterine movements recorded in situ. 

5. When an intestinal loop was perfused with the animal’s own blood, 
addition of 10-20 mg. of the drug caused a prolonged fall in the perfusion 
pressure, in the movements of the perfused loop, in the response of the 


perfused vessels to adrenaline and in the response of the perfused loop 
to acetylcholine. 


It is with pleasure that we acknowledge our gratitude to Prof. A. J. Clark for his 
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BLOOD-SUGAR VARIATIONS IN NORMAL 
- AND IN SYMPATHECTOMIZED DOGS 


By L. BROUHA,! W. B. CANNON ann D. B. DILL 


From the Fatigue Laboratory, Morgan Hall, and the Laboratories 


(Received 4 July 1938) 


In a previous publication [1936] we have stated that-after various grades 
of exercise the blood sugar varies in the sympathectomized dog as it does 
in the normal dog. The result remains the same if after complete sym- 

pathectomy one adrenal is removed and the other demedullated. In all 
such dogs the blood sugar immediately after exercise varies within the 


_ game limits even though all known liberators of adrenine are eliminated. 


We have sought for clues to the nature of the regulatory mechanism in 
_ the reactions of the sympathectomized dog to various factors which 
affect the concentration of blood sugar. Details will be found in papers in 
the course of publication concerning the operations and the tests em- 
ployed to demonstrate the — of sympathectomy. 


I. BLooD sUGAR AFTER EXERCISE 


Table I shows a few values determined by the method of Folin & 
Malmros [1929] after different grades of exercise by the same dogs before 
and several weeks after complete sympathectomy. In these and in 


experiments to be described below the dogs had fasted from 12 to 
16 hr. 


II. BLoop suGAR AFTER GLUCOSE INGESTION 

Glucose (2 g./kg. body weight) in 20 % solution was administered by 

a stomach tube. Blood was then collected from the saphenous vein at 
half-hourly intervals for 34 hr. Fig. 1 shows the curves based on the 
average response of normal dogs and of dogs some weeks after sym- 
pathectomy. The peak of the mean curve for normal dogs is 134 and for 
the sympathectomized dogs, 141. Three of the normal dogs were below 
1 Visiting scientist of the Belgian-American Educational Foundation. =—_ 
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I 
of work Duration of Blood sugar, mg./100 c.c. 
.m./min./ work 
Dogs kg. min. Before After 
1. Normal dogs 
Abel 150 50 77 71 
175 | 
Redy 125 25 100 94 
: 2. Sympathectomized dogs 
Abel 150 50 79 73 
Blacky 175 
Redy 125 25 92 88 
3. Sympathectomized, one adrenal out, the other demedullated | 
Abel 150 50 79 ~ 68 
Bull 100 25 79 81 
e 100 50 78 62 
130 
3 90 
80 
0 Bi) 60 90 120 150 180 210 


Time in min. 


Fig. 1. The average results of glucose-tolerance tests on six norma ]dogs (I) and on eight 
sympathectomized dogs (IT). In this figure and in Figs. 3 and 4 glucose was admin- 
istered at zero time. 

these two maxima and three were above. Of the sympathectomized, four 

were below and four above. There is no evidence in our data which would — 

indicate that the two groups differ tn nad in their response to 


III. BLooD sUGAR AFTER ADRENALINE INJECTION 
Adrenaline (Parke Davis & Co.) was injected subcutaneously 
(0-1 mg./kg. body weight in 0-05 % solution). The average curves in Fig. 
2, showing blood sugar following the injection of adrenaline in the normal 
and in the sympathectomized dogs, are much alike. Mean values in 
twelve experiments on nine normal dogs show a maximum of 149 mg./ 
100 c.c. after 150 min. In twelve experiments performed on eight dogs 
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several weeks after sympathectomy, the mean peak of 148 mg./100c.c. is 


reached in 120 min. While there are large differences in the response of 
individual dogs to adrenaline, these do not seem to depend on sympa- 
thectomy. 

Four adrenaline experiments were carried out on two dogs having an 
intact autonomic nerve supply but with one adrenal removed and the 
other demedullated. The responses were within the normal range. 
Although the mean curve for blood sugar was slightly higher than those 
shown in Fig. 2 (maximum 172 mg./100 c.c.), the difference is of doubtful 
significance. The same conclusion was reached feiih tha study of two 
dogs that were totally sympathectomized and also deprived of one adrenal 

and the medulla of the other. 


0 90 120 180 210 
Time in min. 
Fig. 2. The average blood-sugar curves after adrenaline injection at zero time in twelve 


experiments on nine normal dogs (I) and in twelve experiments on eight sympathecto- 
mized dogs (II). 


These observations, like those referred to above, reveal no difference 
between normal and sympathectomized dogs with respect to blood- 
sugar regulation, provided some weeks are allowed for recovery. It does 
not follow that the regulation of blood sugar is independent of the 
sympathetic nervous system. On the contrary, we have found that in 
some dogs soon after sympathectomy the responses to sugar-tolerance 
tests and to adrenaline are abnormal and furthermore that sensitivity to 
insulin, first shown by Dworkin in the sympathectomized cat Ever), 
remains undiminished even 3} years after sympathectomy. 

To illustrate the first of these points we may refer to some experiments 
on Foxie. Sympathectomy was performed in three stages. Fourteen days 
after completing the last stage the blood sugar, after a standard glucose- 
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tolerance test, rose from 92 to 244 in 60 min. (Fig. 3); it had not quite 
returned to the initial value after 150 min. Before sympathectomy the 
increase had been from 72 to 150 in 60 min. and the original level was 
reached within 150 min. Three weeks after sympathectomy the increase 
was from 87 to 247, while two weeks later the original response was 


| \ 
\ 


a. 
Time in min. 


Fig. 3. Glucose-tolerance tests on Foxie in the normal state (I), 14 days after sympathec- 
tomy (II), and 32 days after sympathectomy (ITI). 


exhibited. These results suggest that blood-sugar regulation is disturbed 
by sympathectomy and that more than 3 weeks may be required to regain 
the normal response to sugar ingestion. These experiments and others of 
the same character are summarized in Table II. The inadequacy of 
blood-sugar regulation just referred to was not seen in the case of Blacky; 
it certainly is not a universal, and it may not be a general phenomenon. 
Whether the control of blood-sugar concentration after excessive in- 
gestion of glucose depends on mechanisms operative in the normal dog, 
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 Tasue I. Sugar-tolerance tests in normal and sympathectomized dogs (2 g./kg.) 
| Time at 


Blood sugar, mg./100 o.c. maximum is 
um 
Days after ——, 
Dogs State operation Control §§§ Maximum min. 
21 86 247 60 
3 85 150 30 
90 152 30 
‘ 23 84 174 60 
Niobe pathectomized 100 196 
Ball 20 37 120 60 
‘BI 15 86 178 90 
SII 29 83 132 60 
pre- 
Redy N. kr 100 161 60 
94 200 60 
Abel  Sympathectomized 700 90 230 60 
i 18 85 282 90 
Sheba Adrenals out 20 82 204 
72 227 60 


or whether some vicarious device comes into play, as in cardiac accelera- 
tion, remains to be determined. It is unlikely that the eventual return of 
the sugar-tolerance test to normal can be ascribed to nerve regrowth or 
adrenine liberation, for the same response is obtained in dogs that are 
sympathectomized as in those deprived of one adrenal and the medulla of 
the other. 

The response to adrenaline injections also is indicative in some 
instances of a slow re-establishment of homoeostatic control after sym- 
pathectomy. In Foxie the response was still far from normal 40 days after 
the operation; blood sugar increased only about one-half as much as 
before the operation (Fig. 4). No more tests were carried out on this dog, 
but others, sympathectomized for periods varying from 1 month to 2 
years, whether with or without the adrenal medulla, exhibited the normal 


response to adrenaline injection. 


It was discovered that the injection of adrenaline may influence the 
outcome of a sugar-tolerance test carried out on the following day. Foxie 
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had an adrenaline injection on the 17th day after sympathectomy and on 

the following day her maximal rise in blood sugar in the tolerance test 

was only about one-half as great as 4 days before. Possibly the injection 

_ of adrenaline, by producing hyperglycaemia, causes a rise in insulin pro- 

duction sufficiently prolonged to alter the rate of glycogen deposition 

24 hr. later. We have not determined whether or not this phenomenon is 
peculiar to the sympathectomized dog. 


210 


Fig. 4. Blood-sugar curves on Foxie after adrenaline injection at zero time before (I), 22 
oe days after (II), and 40 days after sympathectomy (III). 


IV. BLoop suGAR AFTER INSULIN INJECTION 


_ In normal dogs the subcutaneous injection of 4 units of insulin per 
kg. body weight produces a marked drop in the blood sugar. The average 
curve for three dogs reaches a minimum of 40 mg./100c.c. an hour 
afterwards (Fig. 5), remains low for about 1 hr., and then slowly rises. 
Under these conditions dogs do not look happy, but in our experience 
they have no convulsions and come back to normal without any treat- 
ment. 

The sympathectomized cat, as shown by Dworkin [1931], is much 
more sensitive to insulin than the normal cat. This is also true of the dog. 
One unit of insulin per kg. body weight produces in a totally sympa- 
thectomized dog a very marked drop in the blood sugar. The mean curve 
on four dogs reached 36 mg./100c.c, after 60 min., 32.an hour later. Within 
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the next half hour, all the animals had severe sats glucose was 
injected in order to revive them. __ 

Here again we performed some experiments on two dogs with their 
sympathetic nervous systems intact, but with one adrenal removed and 
the other demedullated or denervated. Two other dogs were totally 
sympathectomized, with one adrenal removed and the other demedul- 
lated. The reaction to insulin is like that in the sympathectomized dog: 


Time in min. | 
Fig. 5.. The average blood sugar in three normal dogs after the injection of 4 units of in- 
sulin per kg. at zero time (I), in three sympathectomized dogs after 1 unit (II), and in 
two dogs with one adrenal removed and the other demedullated after 1 unit (III). 


one unit of insulin always produces a marked fall of the blood sugar, with 
hypoglycaemic convulsions; four times this dose in normal dogs has less | 
serious consequences. The fact that the sensitivity to insulin does not 
require the complete removal of the sympathetic system, but merely 
removal of the adrenal medulla (Fig. 5), indicates that in this instance 
sympathectomy may be effective only because it involves the denerva- 
tion of the adrenals. With the dogs deprived of nervous control of adren- 
ine and sympathin liberation, the capacity for antagonistic response to 
insulin is greatly reduced. 


Discussion AND CONCLUSION 


When sympathectomized dogs, with or without the adrenal wndele. 
recover from the operation, the regulation of the blood sugar during 
exercise, after ingestion of glucose and after adrenaline injection, is 
normal, even though no adrénine or sympathin can be liberated. Since 
any possible interaction between adrenine and insulin is eliminated, the 
phenomenon may mean that the liver liberates sugar when the sugar 
level in the blood drops. In other words, the amount of sugar in the 
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blood may be the factor which regulates its release from the liver. Or, it 
may be that the factor of the pituitary, reported by Houssay [1936] to be 
concerned in regulation of blood sugar, is elaborated fast “tna to 
maintain a normal blood sugar in the exercise experiments. . 

- The continued marked sensitivity to insulin can be explained if one 
assumes that, when an excess of insulin is to be dealt with, the removal of 
sugar from the blood is so fast that mechanisms available for the mobili- 


zation fail to keep pace; in this circumstance, perhaps, the proper balance — 


cannot be maintained in the absence of adrenine. 

We conclude that after total sympathectomy, with or without 
removal of the adrenal medulla, dogs are able to regulate their blood 
sugar within normal limits during and after exercise, after glucose in- 
gestion and after adrenaline injection, provided adequate time is allowed 
for recovery from the operation. Sympathectomized dogs remain sensi- 
tive to insulin indefinitely; this incapacity to cope with an abnormal 
emergency is dependent merely on denervation of the adrenal glands, 
since dogs deprived of the adrenal medulla are as sensitive to insulin as 
totally dogs. 


_. REFERENCES 


Brouhs, L., Cannon, W. B. & Dill, D. B.'[1936). J. ‘Physic. 81, 948. 
Dworkin, 8. [1931]. Amer. J. Physiol. 98, 467. 

Folin, 0, & Malmros, H. [1929]. J. biol. Chem. 88, 115. 
Houssay, B, [1936]. New Engl. J. Med. 214, 961. 


a 
FF 
ay 
¢ 
‘ 
Ag 
Fp: 
% 
¥ 
¥ 
v 
| 
t 
ig 
ay, 
by 
; 
Hs 


J. Physiol. (1939) 95, 439-453 612.819.911 :612.89.089.87:615.784.21 


ROLE OF THE VAGUS IN THE CARDIO. 
ACCELERATOR ACTION OF ATROPINE 
IN SYMPATHECTOMIZED DOGS 3 


_ By L, BROUHA? ann 8. J. G. NOWAK 
a" the Fatigue Laboratory, Harvard University, and the — 
Surgical Research Laboratory, Boston City 
(Received 4 July 1938) 


Iw 1936, Brouha, Cannon & Dill showed that dogs with bilateral thoraco- 
lumbar sympathectomy, with or without exclusion of the cervical 
sympathetic chains and of the adrenal glands, responded to standard 
muscular exercise and to administration of atropine by an increase of 
the heart rate to 210-230 beats/min. as early as 7 weeks after the final 
operative stage. This positive effect was explained on the basis of the 
findings of Jourdan & Nowak [1934], who demonstrated in the vagus the 
presence of cardio-accelerator fibres which had a central origin in the | 
mesencephalon. These observations of cardio-acceleration to levels well 
above the automatic heart rate in totally sympathectomized dogs were dis- 
tinctly at variance with those of Samaan [1935 a, 6] for muscular exercise 
and those of Bouckaert & Heymans [1937] for atropine, who found no 
increase in heart rate above 130-140 beats/min. On the other hand, 
Freeman & Page [1937] found, in one sympathectomized dog, an ac- 
celerator effect of atropine similar to ours. We have reinvestigated this 
problem, and will discuss in this paper the effect of atropine on recently 
and chronically sympathectomized dogs. The effect of muscular exercise 


METHODS 

Sympathectomy. Dogs were sympathectomized under ether or intra- 
venous nembutal anaesthesia in two, three, or four stages according to the 
technique described for the dog by Bacq, Brouha & Heymans [1934] based 
on the technique of Cannon, Newton, Bright, Menkin & Moore [1929] for 
1 Visiting scientist of the Belgian-American Educational Foundation. 
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the cat. In several of these animals the thoraco-lumbar’ sympathetic 
chains were removed intact. When the operation was terminated at the 
diaphragmatic level, the disconnected part of the chain was rolled up and 
delivered into the thorax when the abdominal operation was performed 
first, or vice versa, so that at the subsequent stage the chain was removed 
in its entirety. This manoeuvre excluded the chance of leaving one or two 
ganglia in the region of the diaphragm with the possibility of persistence 
of minor splanchnic or adrenal innervation. Intervals between stages 
averaged 2-3 weeks. The extent of ablation in one stage varied from one 
thoracic to three-fourths sympathectomy (unilateral thoracic and bi- 
lateral lumbar). In several dogs also the medullo-adrenal function was 
suppressed by unilateral extirpation and contralateral demedullation.! 
Almost all these dogs were observed over a period of 3-4 weeks before 
operation, during which time they were trained for muscular exercise and 
various metabolic responses such as glucose tolerance, insulin and adrena- 
line effects, and lactate formation were studied. The results of these 
investigations have been reported by Edwards, Brouha & Johnson [1938]. 
_ The diet of these animals was carefully balanced as to caloric and 
vitamin requirements and allowed survival up to 4 years in excellent 
health under the restricted conditions of laboratory existence. All 
determinations were carried out on dogs with normal temperature and 
_ absence of infection. 

Vagal section. The vagus nerves were excluded by various means such 
as acute cervical vagotomy under ether anaesthesia, novocaine block of 
both cervical vago-sympathetic trunks under sterile precautions, chronic 
intrathoracic section of the cardiac vagal fibres on the left side and section 
of the right vago-sympathetic trunk in the neck, unilateral cervical vagal 
novocaine block and chronic unilateral intracranial vagal section as 
devised by one of us (Nowak) and described below, and finally, chronic 
left thoracic vagotomy and chronic right intracranial vagotomy. | 
_ Heart-rate recording. The majority of the heart-rate determinations 

were obtained by means of a modified Boas cardiotachometer [1928] with 
the dog isolated in a chamber in a standing or reclining position without 
any restraining apparatus. The heart rate was recorded for about 10 min. 
before and up to 1 hr. after the injection of atropine. The maximal rates 
- quoted in our data were calculated on the basis of the maximal value 
observed in any 6 sec. period. In several dogs the electrocardiogram was 
employed with small plate electrodes. In another small group the heart 


+ The authors wish to express their thanks to Prof. Cannon, Drs Rosenblueth, 
McDonough and Simeone for carrying out some of these operations. 
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ministered either subcutaneously or intravenously in doses of 0-2 mg./kg. 


_ 2 weeks following the last operation the maximal heart rates observed in 
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rate was obtained by a chest tambour and kymograph — as 
described by Cannon, Lewis & Britton [1926]. 
Atropine. Atropine sulphate (Lilly, and Sharp & Dohme) was 5 ad- 


The maximal cardiac acceleration was observed 1-10 min. after intra- 
venous, and 15-30 min. after subcutaneous administration. The acceler- 
ator effect diminished after these time limits, the rate returning to normal 


in about 2 hr. 
RESULTS 


The results are based on the findings in sixteen completely sym- 
pathectomized and four partially sympathectomized dogs;! vagal 
exclusion was carried out in eight of these dogs. — 


Effect of atropine on the totally sympathectomized dogs at 
various intervals after sympathectomy 
(1) The effect of atropine on freshly sympathectomized dogs. During the 


four dogs after atropine injection were from 108 to 140 beats/min. while 
the resting heart rates varied from 70 to 96. In a fifth dog, Niobe, there 
was an unusually early appearance of marked cardiac acceleration, the 
rate reaching 222 beats/min. after atropine. This result will be discussed 
below in the light of the other findings. 

(2) The effect of atropine on sympathectomized dogs 20-60 days after 
operation. During this period the maximal heart rates observed in ten 
dogs after atropine ranged from 158 to 225 beats/min. The low maximal 
value of 158 beats/min. was observed in one dog (Symp) during this 
period. This dog some days later reached a heart rate of 210 beats/min. 
after atropine. 

(3) The effect of atropine on the heart rate in dogs 2-18 months after 
operation. Kight dogs were examined in this group. In each of these dogs 
the atropine effect was studied on repeated occasions. The maximal heart 
rates obtained varied from 185 to 250 beats/min. after atropine injection. 


: Analysis of the action of atropine 

Table I summarizes the effect of atropine after removal of various 

components of the sympathico-adrenal system. 
From these results we conclude that: 

1. Total sympathectomy causes a temporary suppression of the 

normal atropine acceleration which generally lasts 14 days. From 20 to 

1 A preliminary report has been published by L. Brouha, D. B. Dill & 8. J. G. Nowak 

[1937]. 
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60 days after the last operation the heart rate following atropine in- 
jection consisteptly increases and may reach its original maximum. 
Once re-established, this characteristic is permanent. 

2. Subtotal sympathetic suppression, which in effect accomplishes 
cardiac denervation and adrenal inactivation, results also in a depression 
of the previous atropine cardiac acceleration during the first 2 weeks. 
After this interval the atropine acceleration again manifests itself 
unmistakably. In this respect, ee sympa- 


— 


Dog Type of operation 
Chow (a) Bilateral adrenal in- 
activation 
(6) Bilateral adrenal in- 
activation + bilateral 
lumbar sympathectomy 
Nimrod Right thoraco-lumbar chain 
in one stage 
Foxie Bilateral thoracic — 
ectomy with bilatera 


Curly Bilateral thoracic sympath- | 


Jos 


completed 5 months bee 
Abel Unilateral adrenalectomy 


I 


days 
12 


heart ra 
beta. 


110 
110 


Maximal heart 


rate after 


beats 
250 


| 
| 
4 7 220 
q 10 90 170 
a 108 123 
a Duateral Splancn- 
: 3 notomy, unilateral adrenal- | 
Sheba _ Bilateral thoracic : 5 80 128 
4 de- 60 90 180 
Niobe Three-fourths sympathectomy 6 108 150 
: 4 leaving one thoracic chain 10 112 156 
: q Z Bilateral inferior cervical 12 80 225 
q | (Thoraco- 
4 is 75 240 
4 3 bilateral inferior cervical 750 85 235 
yanguonectomy. (Thoraco- 
4 3 Bull Unilateral adrenalectomy, 28 75 205 
ganglionectomy, coeliac and 
last of abdominal 
4 sym . (Thoracic 
y 4 months 
4 
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3. When sympathectomy was three-quarters completed in a single 
stage, leaving one thoracic chain, dog Niobe was unusually slow in re- 
gaining the normal atropine response. After 29 days her maximal rate 
was 174 and after 41 days it did not exceed 194. Eleven days after the 
final thoracic stage, however, the atropine response reached 222, an 
unusually early maximal effect. It appears that during the long recuper- 


ative period of 50 days between operations the cardiac re-establishment 


of capacity for acceleration in the totally sympathectomized dogs was 
already under way, as shown in Table I. This process was apparently 
disturbed for only a short time, if at all, by the final thoracic sympath- 
ectomy. 

When the same sympathetic exclusion was accomplished i in another 


dog (Pooh), with an interval of only 7 days between operations, 


atropine acceleration required 20 days, the usual time interval, i its 
reappearance. 

4. Lesser sympathetic procedures are followed by either no change 
in atropine acceleration or earlier reappearance of this characteristic 
phenomenon. 

5. The results in total sympathectomy are in no way altered by such 
supplementary procedures as outlined above. 

The factor of time interval is, therefore, unquestionably the ex- 
planation of the discrepancy between the results of Samaan and of 
Bouckaert & Heymans, on the one hand, and Brouha et al. on the other. 
In fact, Heymans, Bouckaert & Samaan have confirmed this finding 
(personal communication). 

The question naturally arises as to the possibility of sympathetic 
regeneration as a cause of the reappearance of this marked cardio- 
accelerator response. The most probable mechanism for such an accelera- 
tion would be the liberation of adrenine from the adrenal medulla which, 
however, was extirpated in dogs Abel and Bull. Likewise the possible role 
of the inferior cervical ganglia was ruled out in dogs Jos, Abel and Bull 
(Table I). Furthermore, we were able to demonstrate such characteristic 
physiological criteria of abolished sympathetic activity as absence of 
the pressor and depressor carotid sinus reflexes, lack of cardiovascular 
reaction upon faradic stimulation of the central end of the cut sciatic 
nerve, absence of the hypertensive response to stimulation of the cephalic — 
end of the cervical vagus, chronic hypersensitivity to insulin [Brouha, 
Cannon & Dill, 1939] and abnormally high blood lactate following 
adrenaline injection [Edwards ef al. 1938]. In several of these animals 
careful macroscopic and microscopic post-mortem examinations failed to 
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reveal sympathetic regrowth which might account for the phenomena 
observed. | 

From the investigations of Brouha et al., as well as from the findings 
in another phase of this problem to be reported later, it was established 
that the time relation of this cardio-accelerator response to emotional 
stimuli and muscular exercise precluded the possibility of any humoral 
factor in the cardio-accelerator mechanism. 

In their discussion of the probable mechanism of this cardio-accelera- 
tion the same authors mentioned vagal cardio-acceleration through the 
fibres described by Jourdan & Nowak [1934]. This mechanism, it may be 
stated, was observed by the latter investigators under acute experimental 
conditions by means of such stimuli as complete cerebral anaemia of 
approximately 30 sec. duration and peripheral vagal faradic stimulation 
after atropine. 

The role of this mechanism was, in fact, examined by Brouha ef al. in 
totally sympathectomized dogs by stimulation of the peripheral end of the 
cut cervical vagus after atropine and by observing the effect of bilateral 
vagal section upon the heart rate after atropine. Acceleration in the 
first experiment and lack of it in the second suggested strongly that the 
vagal cardio-accelerator mechanism was responsible for the tachycardia 
they observed. Freeman & Page [1937] likewise showed in one dog that 
atropine acceleration after total sympathectomy was prevented by 

previous vagal denervation of the heart. | 


The effect of vagal exclusion wpon atropine cardio-acceleration — 
on totally sympathectomized dogs 

Acute bilateral cervical vagotomy. In three totally sympathectomized 
dogs which showed the characteristic atropine acceleration, the cervical 
vagi were sectioned. Atropine injection after recovering from anaesthesia 
produced no cardiac acceleration. For example, dog Nap, which showed 
an atropine acceleration to 230 beats/min. 4 months after sympath- 
ectomy, showed a heart rate of 137 after vagotomy, and this rate did not 
change after atropine injection. Faradic stimulation of the cardiac end 
of one of the cut vagi after atropine resulted with one dog in a heart rate 
of 230, and with another a rate of 198. 
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Effect of acute bilateral section of the vagi upon established atropine 
tachycardia in the totally sympathectomized dog 
In one dog which showed an atropine effect of 240 beats/min. 18 ¥ 


months after sympathectomy both cervical vagi were sectioned under 
local anaesthesia while atropinized: 


12 October 1937: dog Griffon 
3.15 p.m. Control heart rate, 60-100 


3.35 ,, ” 
€ Section of both cervical vagi in the neck under local anaesthesia: 
2 ey Heart rate 186 


” ” 1 


3.39 » +» 180 
JES 3.45 ” ” ” 156 


It is seen from this experiment that the atropine pe, Pee is not 
_ abolished immediately after section of the vagi. 
| : - Novocaine block of both cervical vagi. This procedure was carried out 4 
} months after complete sympathectomy in one dog (Symp) which showed 
a heart rate after atropine of 210. Following vagal block, this dog had 8 
a heart rate of 154, which dropped after atropine injection to 150. 

‘In order to exclude such factors obviously present in the above 
experiments, such as effects of vagal traction or section, painful stimuli, 
persistence of cardio-accelerator stimulation even after section, as shown 
for the true cardio-accelerators by Hunt in 1897, we decided to study the _ 
effect of atropine after chronic section of one cervical vagus, the other 
having been previously sectioned in the chest. 

Following chronic wnilateral intrathoracic cardio-vagal section in 
totally sympathectomized dogs, the cardio-accelerator effect of atropine — 
persists. Thus, in dog Blacky the post-sympathectomy atropine effect 
was 210, and 8 months after unilateral vagotomy the maximum heart rate 
presse: after atropine was 170. In dog Foxie the post-sympathectomy 

pee effect was 222, 8 days after unilateral vagotomy it was 190 and 

ys after it was 220. 
When vagotomy was completed by section of the remaining vagus in - 
z the neck of the first animal, the effect of atropine injection was as 
follows: 


5 February 1938: dog Blacky 


9.45 a.m. Control heart rate 125 
10.00 ,, 0-2 mg. sulphate intravenously 
10.22 ,, Heart rate l 


ros eg 
| 
| 
i 
3.2 0-2 atropine phate per kg. intravenousl 2 
mg. 
99 
4 
% 
4 
a4 


446 LI. BROUHA AND 8. J. G. NOWAK 


This experiment was repeated many times subsequently and the — 
results showed no post-atropine acceleration and even a definite slowing 
of the heart, for example, from 128 to 108 about 10 min. after intravenous 
atropine. The summarized results of certain of the foregoing experiments 
are shown in Table II. 

From these data it may be concluded that: 

1. Exclusion of both vagi either in the neck alone or in the neck and 
chest abolishes the accelerator effect of atropine. Indeed, the rate shows 
a consistent decrease of 10-20 beats. 

2. This proves that this acceleration is not due to direct regrowth 
from the thoraco-lumbar sympathetic system to the heart or adrenal 


3. The marked cardio-accelerator effect of atropine in the chronically 
totally sympathectomized dog is due to vagal cardiac acceleration. 


Localization of the origin of the vagal cardio-accelerator 
mechanism 

It has been recognized that the vagus nerve contains cardio-acceler- 
ator fibres by Schiff [1849], Wundt [1859-62], Moleschott [1860], 
Rutherford [1869], Arloing & Tripier [1871-2], cee [1875], Frangois- 

Franck [1884] and Hunt & Harrington [1897]. 

There is some evidence also through the investigations of Waller 
[1856], Schiff [1866], Frangois-Franck [1876] and Cadman [1900-1] that 
in the mammals the true cardio-inhibitory fibres of the vagus trunk arise 
from the spinal accessory roots. 

In his studies on the origin of cardio-accelerator fibres in the dog, 
Frangois-Franck [1884] demonstrated that a certain group of these fibres 
arises in the medulla with the roots of the vagus. Their action on the 
heart was shown after atropinization. Dale, Laidlaw & Symons [1910] 
showed in the cat that faradic stimulation of the cervical vagus after 
nicotine resulted in a definite cardiac acceleration which they ascribed 
to accelerator fibres in the vagus. Since this action persisted after 
chronic removal of the superior, inferior and stellate ganglia, they 
concluded that these fibres had a central origin. Jourdan & Nowak 
[1936], in their investigation on the vagal cardio-accelerators in the dog, 
showed that direct peripheral faradic stimulation of the vagus intra- 

cranially resulted in cardiac acceleration without atropinization. § 

In order to localize the cardio-accelerator effect of atropine, the 
writers resorted to chronic unilateral intracranial vagal section. 
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Technique of intracranial vagal section in the dog 
Under intravenous nembutal anaesthesia (0-5 c.c. of 6 % solution per kg.) the dog is 
placed on its belly with head elevated and rigidly immobilized with a Czermak (Palmer) 
head holder adjusted to avoid compression of the previously introduced intratracheal tube. 
Artificial respiration is thus provided for if the occasion arises. The occipito-cervical region 


is exposed by a 12 cm. longitudinal mid-line incision from the vertex to the posterior 
spinous process of the fourth cervical vertebra. The posterior cervical muscles are divided in 
the mid-line and their attachment to the occipital ridge is divided transversely. The tem- 
poral museles are also freed from the occipital ridge. The occipital bone is then rongeured 
away up to the occipital ridge and as far laterally as possible. The dura and atlanto-occipital 
ligament are incised crucially. This manoeuvre exposes the lower part of the cerebellum and 
the entire medulla. Constant suction is useful to aspirate the cerebrospinal fluid at this 
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emerging from the vagal nucleus. These constitute the middle group of filaments which 
make their exit through the jugular foramen. The superior group represents the glosso- 
pharyngeal fibres, the lower constitute the medullary origin of the spinal accessory nerve. 
The pure vagal fibres are divided under direct vision (see Fig. 1). The wound is closed by 
approximation of the muscular and cutaneous edges with fine silk after careful replacement, 
without suture, of the dura mater. 


After unilateral intracranial vagal section the atropine acceleration 


reappeared 20 days later in one dog (Sheba) and 51 days later in another 


dog (Reddy), the heart rates gradually reaching 190 and 170, respectively. 
In this connexion it was noted that shock associated with cerebral 
surgery causes a delayed return of atropine response. After establish- 
ment of atropine response, anaesthesia such as nembutal again abolished 
the effect temporarily. 

Following contralateral cervical vagal novocaine block in three experi- 
ments on the two dogs unanaesthetized, the heart rate after atropine was 
115, 130 and 140 beats/min. | 

In dog Foxie the order of vagotomy was reversed, the cranial section 
following the thoracic cardiac denervation. One month after the cranial 
section, atropine administration produced an increase in heart rate from 


95 to 135 beats/min. It will be noted that the resting heart rate of 95 is 


distinctly lower than that of 115-120 observed in dog Blacky in which the 
heart was completely deprived of vagal innervation. This difference is 
ascribed to the fact that intracranial section interrupts the pure vagal 
rootlets only. The spinal accessory rootlets containing the true cardio- 
inhibitor fibres as shown by Waller [1856] and by Jourdan & Nowak 
[1936] remained intact and were free to exert their moderator effect on 
the heart. The acceleration from 95 to 135 represents, therefore, removal 
of this cardio-inhibitor tone. 

From these results we conclude that the marked atropine acceleration 
which is observed in chronically sympathectomized dogs and which is 
abolished by vagotomy depends upon vagal cardio-accelerator fibres 
arising in the mesencephalon. These findings prove further that the 


-cardio-accelerator response to atropine re-established in the totally 


sympathectomized dogs does not depend on sympathetic fibres joining 


the vagus from the superior cervical ganglion or from the first three 


cervical segments, as was suggested by Frangois-Franck [1884]. 
The fact that a dog with only cardiac sympathetic denervation and 
adrenal exclusion will not show atropine cardiac acceleration after 


double vagotomy (Sheba) disproves once more any claim of the possibility 


that one or two sympathetic ganglia omitted ow in total 
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The persistence of vagal inhibitor tone after intracranial vagotomy 
agrees well with the evidence that the true cardiac inhibitor fibres have 
their origin in the spinal accessory rootlets. 

Table II summarizes the typical results of the effects of atropine upon 
the heart rate of the dog after various chronic sympathetic procedures, 


and vagotomy. 


II 


Heart rate 
Type of operation ‘Control Maximal 

I. Adrenal inactivation 112 250 

II. I+ bilateral abdominal sym 110 255 

V. Unilateral abdominal 140 194 

pa m 

VI thoraco-abdominal sympathectomy 95 230 

VII. VI-+ bilateral inferior cervical ganglionectomy 80 225 

VITI. VII +unila adrenalectomy contra- 75 240 

lateral demedullation 

IX. VII + unilateral coeliac and 75 205 
superior mesenteric ganglionectom 

X. VI+ bilateral 115 106 

Discussion 


It is apparent from these studies that a freshly sympathectomized 
dog shows a cardio-accelerator reaction to atropine unlike that seen in a 
dog sympathectomized several weeks or months previously. During the 
early post-operative phase the dog responds to atropine with a heart rate - 


of 120-140 beats/min. This effect probably depends on removal of vagal 


parasympathetic tone by the action of atropine on the peripheral endings. 

The appearance of a striking cardiac acceleration in response to 
atropine after an average interval of 20 days following completion of 
sympathectomy suggested two possible explanations. The first of these 
was incomplete ablation or sympathetic regeneration; the second, de- 
velopment of a new accelerator mechanism. : 

The possibility of incomplete ablation was excluded by removal of 
both uninterrupted thoraco-lumbar chains in a group of animals. These 
dogs showed the same results as those in which the chain was divided at 
the diaphragm in two-stage operations. 

The possibility of regeneration of the splanchnic nerves was excluded 
by supplementary adrenalectomy and superior mesenteric-coeliac gan- 
glionectomy. Additional evidence against splanchnic regeneration or 
adrenaline liberation was the observation that the hypersensitivity to 
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insulin, described by Dworkin [1931] in the cat, remained undiminished 


_ permanently in our dogs [Brouha e al. 1939]. 


Direct communication or regrowth of accelerator fibres from the 
inferior cervical ganglion to the heart: was ruled out by cervical sym- 
pathectomy supplementary to thoraco-lumbar ganglionectomy. Looping 
fibres from the inferior cervical ganglion were also excluded by this 
procedure. 

The possibility of cardio-accelerator fibres arising from the superior 
cervical ganglion or from the first three cervical segments was excluded 
by the disappearance of the atropine accelerator phenomenon in the 
chronic intracranial vagotomy preparation: their origin is definitely 
localized in the medulla. The suggestion of Frangois-Franck [1884] of a 
dual origin of the cardio-accelerator fibres in the vagus, one from the 
upper three cervical segments of the spinal cord which ran directly to the 
vago-sympathetic trunk, the other from the vagal nucleus itself is thus 
excluded, while the conclusion of Dale et al. [1910} that they must arise 
from the brain centres and were probably preganglionic in nature is 
supported. | 

There has been considerable confusion about the exact meaning of the 
term “denervated heart rate” also referred to as the “automatic heart 
rate”. In their studies on sympathin in the cat Cannon & Bacq [1931] 


state that “the rate of the denervated heart is...usually about 140 


beats/min.”. That this rate may vary considerably was shown by Cannon 
et al. [1926] in their report on the technique of the denervated 
heart in the cat. Their protocols reveal basal values obtained in the cat 
quiet on the lap ranging from 76 to 186 beats/min. Bogue et al. (personal 
communication) have found rates on the isolated dog’s heart, using the 
heart-oxygenator circuit varying from 110 to 140 but occasionally 
reaching 170. Thus the heart deprived of sympathetic and parasym- — 
pathetic fibres, free from proved hormonal influences and under basal 


_ conditions, may manifest rates which are distinctly below and above the 


range of “120-140”. Hence the term “automatic heart rate” is mis- 
leading, because it implies a practically constant inherent rate. Strictly 
speaking, the isolated heart as prepared in the chronic animal is a 
“denervated adrenalectomized” or “denervated, adrenal-inactivated”’ 
preparation. This or synonymous nomenclature would clarify discussions 
dealing with this matter. 

It is worthy of emphasis that the only manoeuvre which abolishes 
atropine acceleration permanently is vagotomy. We cannot agree, there- 


fore, with Samaan [1935a, 6], who found no atropine acceleration after 
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sympathetic cardiac denervation and splanchnic section. The absence of 
much cardiac acceleration in Samaan’s dogs with sympathetic cardiac 
denervation and splanchnic section, as well as in the totally sympa- 
thectomized dogs of Bouckaert & Heymans [1937] is therefore explained 
by the factor of time after completion of sympathectomy. 

The cardio-accelerator fibres, it may be inferred therefore, require a 
certain length of time to acquire a tone which is comparable in every 
respect to normal sympathetic cardio-accelerator tone. The acquisition 
of this positive cardio-accelerator tone indicates that there occurs a shift 
of cardio-accelerator function to a new centre. 

The problem of the nature of atropine acceleration may be considered 
from the point of view of central action and vagal inhibition. One might 
suppose that an increase of the heart rate to 200 beats/min. or more 
represents @ positive stimulus due to the central action of atropine. This 
mechanism was inferred by Moore & Cannon [1930] in their investiga- 
tions on the heart rate in vagotomized or in sympathectomized cats. This 
mode of action of atropine would, of necessity, be dual: inhibitory on the © 
cardiac vagal parasympathetic endings, and cerebral excitatory on the 
mesencephalic origin of the vagal accelerator fibres. In the latter case it 
must be assumed that this centre requires a certain length of time after 
sympathectomy to become sensitive to atropine. It would be simpler to 
conceive the total atropine acceleration as due to a single parasym- 
pathetic inhibitory effect, the acceleration being due to release of a 
potential accelerator mechanism. In such a case the phenomenon of 
inhibition of the parasympathetic cardiac endings of the vagus by atro- 
pine with preservation of the accelerator effect represents another 
example of the selective action of a drug on a mixed nerve. In this 
connexion it might be pointed out that Heidenhain [1871-2] found that 
although stimulation of the chorda tympani nerve after atropine failed 
to cause salivary secretion it still produced vasodilatation in the sub- 
maxillary gland. 

The observation that atropine in the chronic totally sympathecto- 
mized and cardio-vagotomized dog produces a deceleration of 10-20 
beats/min. raises the interesting possibilities of acetyl-choline liberation, 
of direct action of atropine upon the heart musculature, its blood supply or 


upon the sino-auricular node. 


SUMMARY 
1. Dogs completely sympathectomized in two to four stages show in 
response to atropine no acceleration above the “denervated-adrenal 
inactivated” heart rate for some days following the last operation. 
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2. After this interval (usually 20 days) totally sympathectomized 
dogs show after atropine a marked cardiac acceleration, the heart rate 
reaching 210-220 beats/min. 

8. This atropine acceleration is abolished by previous bilateral acute 
or chronic cervical, thoraco-cervical or intracranial vagotomy. 

‘4, Unilateral cranial vagotomy may temporarily abolish the atropine 
accelerator effect. 

5. Theatropine acceleration is not due to incomplete sympathectomy 
or nerve regeneration, as demonstrated by its persistence after various 
supplementary sympathetic procedures, by physiological and bio- 
chemical criteria attesting to total sympathectomy, and by post-mortem 
macroscopic and microscopic examinations. 

6. Since the only procedure which consistently abolishes this ac- 
celerator response is vagotomy, the conclusion is drawn that the action 
of atropine in the chronically sympathectomized dog is due to cardio- 
accelerator fibres in the vagus. 

7. The disappearance of this phenomenon after intracranial vagal 
section indicates that the cardiac acceleration is produced by fibres 
- contained in the vagus and originating in the vagal nucleus. 

8. The mechanism of this cardiac acceleration is explained on the 
basis of vagal cardiac parasympathetic inhibition with release of a 
positive accelerator tone by these vagal accelerator fibres. 

9. It is concluded that this new cardiac acceleration represents a 


452 


shift of function to a new or potential centre. This vicarious effect requires _ 


a certain length of time for its establishment. 

10. A chronically sympathectomized dog re-eatabliahes eandio- 
accelerator function not through sympathetic regeneration but through 
a latent mechanism. This mechanism, it appears, gradually develops its 
sensitivity after the normal accelerator mechanism is destroyed. 
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THE ROLE OF THE VAGUS IN THE CARDIO- 
ACCELERATOR ACTION OF MUSCULAR 
EXERCISE AND EMOTION IN 
SYMPATHECTOMIZED DOGS 


By L. BROUHA, 8. J. G4. NOWAK anp D. B. DILL 
From the Fatigue Laboratory, Harvard University, and the 
Surgical Research Laboratory, Boston City Hospital 

(Received 4 July 1938) | 


CHRONICALLY, totally sympathectomized dogs* manifest a cardio- 
accelerator mechanism which can be elicited by atropine and which is 
mediated by vagal cardio-accelerator fibres arising from or relayed 
through the vagal nucleus [Brouha & Nowak, 1939]. Supplementary to 
this pharmacological study, we have extended the previous investigations 
of Brouha, Cannon & Dill [1936] on the response of this mechanism to 
physiological stimuli such as muscular exercise and emotional excitation. 


METHODS 

Muscular exercise. The technique was similar to that we reported in 
1936. Dogs were trained to run on a motor-driven treadmill, the gradient 
and speed of which could be regulated. The tests were made 18-24 hr. 
after the last meal. The gradient of the treadmill was varied from 0 to 
17 % and the linear speed from 88 to 176 m./min. The mechanical work 
varied from 70 to 200 kg.m./min./kg. body weight. ; 

Emotional excitation. This stimulus was produced by the sudden 
entrance of one of us into the treadmill room, by ringing a bell that 
ordinarily served as a signal for starting the treadmill, or by handling the 
starting switch. While by no means quantitative, these stimuli produced 
emotional excitement with cardiac acceleration in the trained dog. 

1 Visiting scientist of the Belgian-American Educational Foundation. 
* The term “totally sympathectomized” is used in the manner employed by W. B. 


Cannon. Strictly speaking, it refers to an animal with both thoraco-lumbar ganglionic 
chains and upper sacral ganglia removed. 
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Heart rate. The heart frequency was recorded by a modified Boas 
cardio-tachometer. The maximal heart rates as reported in our tables are 
calculated on the basis of the maximal value observed in any 6 sec. 
period. 

_REsvtts 

The results of this investigation are based upon nine completely 
sympathectomized dogs. Two of these were subsequently vagotomized. 
The dogs were observed over a period of from 14 “_ to 34 years after 
total sympathectomy. 


Effect of emotion on the heart rate of the totally sympathectomized dog 

From 25 to 60 days after sympathectomy this response reaches a 
maximal value of 160 beats/min. From two months to three years after, 
the same stimulus gives maximal heart rates reaching 196 beats/min. 


Effect of muscular exercise on the totally sympathectomized dog 
The heart rates of these dogs during exercise varied from 173 to 
268 beats/min. The minimal rate was observed in dog Foxie 14 days after 
total sympathectomy and represents 60 % of the normal reaction for 
the same exercise. This dog’s maximum reached 226 beats/min. 44 days 
after sympathectomy, representing about 90 % of the normal response. 
Table I gives the details of typical reactions of two of the nine dogs. 


Tazte I. Effect of exercise on the heart rate at various — 


intervals after sympathectomy 
Heart rate, beats/min. 
Time Amount A 
interval of work* of work 
Dogs State days kg.m./min. min. Atrest Ilmin. Maximum 
Foxie Sympathectomized 14 125 10 95 144 173 
16 125 10 97 152 174 
25 125 10 100 190 205 
44 135 25 88 189 226 
Abel pathectomized 330 100 25 90 180 186 
vu 330 150 25 72 200 
330 175 25 89 197 212 
+ Unilateral adren. 8 150 16 85 220 218 
alectomy, contra- 14 150 25 88 210 215 
16 175 25 90 212 212 


+ Inferior cervical 8 150 5 83 245 252 
out; 10 100 25 70 218 205 

7a rie 29 150 25 100 245 245 
months 120 175 15 105 260 268 
800 175 25 88 — 265 


* The unit of work employed in this paper is kg.m./min./kg. body weight. It has been 
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The nature of the cardio-acceleration is illustrated in Fig. 1. The 
curve has characteristics that depend also upon the time elapsed since 
the completion of sympathectomy. In dog Foxie, 14 days after the last 
operation, the heart rate rises gradually from 115 to a plateau of about 
170 in 6 min. This plateau value is maintained as long as exercise 
continues. During recovery the heart rate decelerates gradually; the 
initial rate is reached in 3 min. Twenty-five days after sympathectomy 
the curve is steeper, reaching 178 after 30 sec. as compared with 144 in the 
earlier experiment. The contrast in deceleration in recovery is even more 


striking. 


Time: 6 sec. periods . 1 min. periods 6 sec. periods 


Fig. 1. Dog Foxie. Heart-rate response to exercise: 126 kg.m./min. for 10 min. I. Normal. 
II. 14 days after total sympathectomy. III. 25 days after total sympathectomy. 


Whereas, during the early post-sympathectomy period atropine and 
emotion rarely raised the rate above the average value for the “dener- 
vated, adrenal-inactivated heart”’,! muscular exercise elicited a rate of 
173, 14 days after sympathectomy. Eleven days later the maximum 
after emotional stimulation was 160, during exercise, 205, and after 
atropine injection, 222. 

The results on dog Abel may be used to illustrate the typical curve of a 
chronically sympathectomized dog which resembles in every respect the 
normal pattern. Three and a half years after sympathectomy the heart 
rate at an energy expenditure of 175 kg.m./min. rises sharply from 100 to 
240 in 18 sec. The corresponding values in the same work before the 


1 For definition of this term see Brouha & Nowak [1939]. 
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operation were 120 and 253 respectively. In each case, the deceleration is 
immediate with return to the resting value in 1 min. The features of sharp 
ascent and descent seen in this curve become apparent about one year 
after completion of sympathectomy and remain unchanged after supple- 
mentary sympathetic procedures. The maximal rate of dog Abel in- 
creased progressively up to 268, 17 months after sympathectomy, a rate 
about nine-tenths the maximum observed in normal dogs. The length of 
time necessary for the development of this accelerator mechanism varies 
from dog to dog. 


Effect of muscular exercise and emotion in dogs with supplementary 
sympathectomies following thoraco-lumbar ganglionectomy 
In three dogs supplementary sympathetic procedures were carried — 
out for the reasons and in the same manner stated in our studies on 
atropine. As shown in Table I (dog Abel) these procedures did not alter 
the typical cardio-accelerator response. The same results were obtained 
with respect to emotion. 


Effect of muscular exercise and emotion on the totally sympathectomized 
and chronically vagotomized dog 

Inasmuch as our results with muscular exercise and emotion were 
comparable to, and in fact more striking than those with atropine, we 
proceeded to the question of the role of the vagal cardio-accelerator 
fibres in these reactions. 

Chronic bilateral vagotomy was performed in two dogs (Blacky and 
Foxie) which were previously sympathectomized. The left vagus was 
divided in the chest and subsequently the right vagus in the neck in dog 
Blacky and intracranially in dog Foxie [Brouha & Nowak, 1939]. 

After unilateral thoracic cardio-vagotomy these sympathectomized 
dogs showed an increase in the heart rate similar to that observed in the 
sympathectomized dog in response to muscular exercise (Table IT). 

On the day after bilateral vagal section the following unusual findings 
are of interest. Before exercise the heart rate of dog Blacky standing on 
the treadmill was 175-185 beats/min. This unusually high control rate 
was attributed to excitement. Eighteen seconds after start of the run the 
heart rate rose to 210, where it remained with slight variation during the 
exercise. The rate after the run declined slowly, requiring 50 min. to 
diminish to 165 beats/min. 

Later on the same day this dog showed a heart rate at rest of 125-140. 
Atropine slowed the rate to 118. When subjected to the same muscular 
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work for 1 min. the heart rate rose abruptly to a maximum of 150 (under 
atropine). During a second run of 2 min. the heart rate increased from 
140 to 168 beats/min. This rate returned to 140 in 1} min. 


Taste II. Effect of exercise on the heart rate after sympathectomy and vagotomy 


Heart rate, beats/min. — 
interval of work of work After 

State days kg.m./min, min, Atrest imin. Maximum 
+left 180 175 108 215 233 
vagotomy 180 125 10 110 210 215 
(6) Sympathectomized + ; 175 2 175 210 210 
ll 175 1} 110 149 158 
ll 1 4 112 142 150 
19 175 lt 115 152 159 
19 150 118 148 158 
85 10 123 145 158 
36 175 110. 150 
75 175 1} 113 142 145 


Time: 6 sec. periods 1 min. 2 min. 1 min. after stop 


Fig. 2. Dog Blacky. Heart-rate response to exercise: 175 kg.m./min, I. Total sympa- 
thectomy and unilateral cardio-vagotomy (10 min. run). II. 19 days after cervical 
section of the other vagus (2 min. run). 


On subsequent tests the heart rate showed a progressively decreasing 
response to the same intensity of work, from 162 on the 6th day to 145 on 
the 75th day, a value well within the limits of the automatic rate. After 
exercise the resting rate was attained within 2-3 min. (see Fig. 2 and 
Table IT). 

Along with this diminished accelerator response to exercise after 
bilateral vagotomy, dog Blacky showed a striking reduction in ability to 
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carry out severe work. ‘For example, after sympathectomy and before 
vagotomy, this dog ran at an energy expenditure of 175 kg.m./min. for 
100 min. without the slightest evidence of exhaustion. When vagoto- 
mized, running at the same rate exhausted him in about 2 min. This 
decreased ability for work could not be attributed to such factors as 
impaired health, lack of appetite, under-nourishment or pyrexia. In fact, 
this dog was just as eager to run after vagotomy as before. 

After vagotomy light muscular exercise could be carried out with 
ease; only in severe work was the reduced capacity evident. For example, 
at 85 kg.m./min. this dog ran for 45 min. without apparent fatigue, the 
heart rate reaching 159. At 150 kg.m./min. he could run only for 4 min., 
again with a heart rate of about 160. Apparently this upper limit could 
not be passed regardless of the intensity of work. 

During light and severe exercise at 14-19° C. this dog shinteel no 
pesiiill and exhibited a diaphragmatic type of breathing resembling that 
seen in the dyspnoeic human being with respect to depth, labour and 
frequency. 

Except for these peculiarities and occasional vomiting the general 
behaviour of a sympathectomized and bilaterally vagotomized dog about 
the laboratory does not distinguish it from a normal animal. The life span 
of such dogs may be short, however, because of inanition and suscepti- 
bility to pneumonia. Dog Blacky survived bilateral vagotomy 78 days 
and died after several days of vomiting. Post-mortem examination 
revealed bilateral lower-lobe pneumonia and a retrograde gastro- 
oesophageal intussusception involving two-thirds of the stomach. Foxie 
was etal alive 10 months after double vagotomy. 


Effect of emotion on the totally sympathectomized 
and vagotomized dog 

After unilateral vagotomy emotional stimulus increased the heart 
rate. Dog Blacky, for example, responded by an increase from 120 to 
165 about 6 months after unilateral intrathoracic vagotomy. After 
bilateral vagotomy, when atropine causes a slight decrease in heart rate 
[Brouha & Nowak, 1939], excitement produced an increase of 120-150 
and 105-130, 1 day and 11 days, respectively, after this section. Thus, 
emotional excitement in the chronically vagotomized-sympathectomized 
dog may elevate the heart rate. 
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Possible factors responsible for cardiac acceleration in the 
sympathectomized-vagotomized dog 

1. Body temperature. In the totally sympathectomized dog we 
observed that the rectal temperature after exercise showed changes which 
were completely within the range of normal variation, corroborating the 
findings of Brouha et al. [1936]. 

The results on dog Blacky may be used as an illustration. When 
normal, this dog running at 175 kg.m./min. for four successive periods of 
25 min. with intervals of 5 min. for rest increased his rectal temperature 
as follows: from 38:8 to 39-6 in the first period, to 39-4, 39-5 and 39-3° C., 
respectively, for the subsequent periods. Two months after complete 
sympathectomy under the same conditions of exercise, the temperatures 
at. corresponding times were 38-9, 39-7, 39-8, 39-7 and 39-6°C., re- 
spectively. Temperature regulation was thus unimpaired. 

The effect of exercise after unilateral cardio-vagotomy was studied on 
dog Foxie; this procedure did not affect temperature regulation. 

Bilateral vagotomy, on the other hand, caused an increase in the 
response of the body temperature to muscular exercise. One month after 
bilateral vagotomy dog Blacky showed a rise of rectal temperature from 
39-8 to 40-4° C. after a run of 2 min. at 175 kg.m./min. 

_ This dog, 20 days after bilateral vagotomy, was submitted to a four- 
period test as described above, except the work intensity was 85 kg.m./ 
min. The initial rectal temperature of 39-4 increased to 40 after the first 
run of 25 min., to 40-7 after the second, to 41 after the third, and to 
41-3° C. after the fourth. With these data in mind it is interesting to note 
that the highest recorded rectal temperature after exercise in this dog 
when normal was 41° C. after a run of 68 min. at 250 kg.m./min. and with 
a room temperature of 14°C. A significant impairment of capacity for 
temperature regulation is evident. : 

Is this impairment of temperature regulation responsible for the 
acceleration which still occurs in the sympathectomized-vagotomized 
dog? Knowlton & Starling [1912] have shown that the rate of the isolated 
heart may increase 6-15 beats/min. with a rise in temperature of 1° C. 
That this factor was not completely responsible for the acceleration in 
this type of dog during exercise was shown by the results on Blacky 
running in a hot room. Under constant environmental temperature of 
45° C. and constant working conditions, this dog showed, for the same 
maximal body temperature (42-2° C.), maximal heart rates which varied 
as follows: 183 on the 26th, 170 on the 46th, and 160 on the 69th day after 
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vagotomy. It appears, therefore, that the maximal heart-rate response 
to muscular work in the sympathectomized-vagotomized dog is not 
necessarily dependent upon conditions of body temperature alone. ) 

2. Blood lactate. Brouha e¢ al. [1936] stated that the blood lactate 
- concentration in the exercising dog was within normal limits after chronic 
sympathectomy. 

Unilateral vagotomy, furthermore, in the sympathectomized dog was 
observed by us to cause no significant changes in lactate response. Dog 
Foxie, 35 days after sympathectomy, running at the rate of 135 kg.m./ 
min., showed an increase of 10-4 mg./100 c.c. (8-9 to 19-3) in blood lactate. 
Eight days after unilateral vagotomy under the same conditions the blood 
lactate showed an increase of 10-5 mg./100 c.c. (12'3-22-8). 

Bilateral vagotomy in the totally sympathectomized dog, however, — 
produced changes which led to a striking blood-lactate response after 
much less muscular work, as shown in dog Blacky (see Table ITI). 


come Se. Effect of exercise on the blood lactate in the 


sympathectomized-vagot d dog 
Blood 
mg./100 c.c 
interval of work of work After heart rate 
State days kg.m./min. min. Control work beats/min. 
Normal . — 175 217 10-5 19-5 266 
Sympathectomized 30 175 100 9-7 17:3 220 
pathectomized and 1 175 11 89-7 210 
lly vagotomized 6 175 162 
il ‘176 23 11:3 14-4 158 
27 175 2 118 . 65-4 161 
27 85 100 126 32-2 158 


‘Albhongh 12 the sympathectomized-vagotomized dog shows a remark- 
able accumulation of blood lactate after exercise this factor could not be 
correlated with heart-rate changes. For example, on the 27th day after 
vagotomy, this dog, subjected to a severe and a mild work test, reached 
practically the same heart rate (161, 158, respectively) with a striking 
difference in lactate concentration (65-4, 32-2, respectively). _ 

Without going into detail in regard to pH changes which will be 
reported subsequently, it suffices to say that changes in this factor could 
not be correlated with changes in heart rate. 


Discussion 
It is clear that muscular exercise and emotion in the semeaiiaaaie: 
mized dog evoke a cardiac acceleration which increases progressively up 
to a maximum approximating that found in the normal dog exposed to 
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the same conditions. Exercise may elicit heart rates above the “dener- 
vated, adrenal-inactivated” level as soon as 14 days after sympathec- 
tomy. Up toacertain point the capacity for work is proportional to the 
amount of cardiac acceleration [Dill & Brouha, 1937; Robinson, 1938]. 
The limited performance during the early post-sympathectomy period is, 
therefore, not strictly attributable to lack of training but to inadequate 
cardiac acceleration. 

The marked acceleration after thoracic-abdominal ganglionectomy is 
not due to incomplete sympathectomy or regeneration for reasons dis- 
cussed in the paper by Brouha & Nowak[1939]. Neithercouldit be ascribed 
to activity of the remaining part of the sympathico-adrenal system, as 
shown by the results after removal of the supplementary components. 

It is interesting to reflect that total suppression of the sympathetic 
system, with its apparently innocuous effect upon the behaviour of the 
dog under stress and strain, implies that various afferent mechanisms 
which operate via this system are deprived of their effector agent and are, 
therefore, functionless; chief of these are the carotid sinus reflexes. Thus 
it appears that the sympathectomized dog is able to regulate its meta- 
bolic needs for severe work without the mediation of these reflex agencies. 

On the other hand, chronic bilateral vagotomy in the sympathecto- 
mized dog seems to be the only neurological procedure which reduces the 
acceleration response to within the limits of the value for the “dener- 
vated, adrenal-inactivated heart”. This finding proves that vagal section 
interrupts accelerator fibres to the heart which previously caused acceler- 
ation well above this level in response to emotion or exercise. This 
accelerator mechanism, with regard to its latency of appearance, its 
progressive character and its comparability to the normal cardiac acceler- 
ation, is similar to that observed in response to atropine. 

How is one to explain the increase in heart rate from the minimal 
resting level of 110 to the maximal work value of 162 after chronic 
vagotomy? From our data we cannot ascribe this increment to increase 
in body temperature or to blood lactate alone, because of the lack of 
quantitative relationship between these variables. Other possible factors 
are the unusual nature of the respiratory movements of the running dog 
or the liberation of some accelerator substance from the liver or other 
organs. The nature of this mechanism requires further study. It seems 
that the reduction of the running ability of the sympathectomized and 
vagotomized dog might be due to impairment of respiration as well as 
reduced cardiac acceleration. | | 
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_ ConcLusions 


1. The chronically, totally sympathectomized dog develops a cardio- 
_ accelerator response to emotion and to muscular exercise and the heart 

rate may attain values of 195 and 268 beats/min. respectively. 

2. This accelerator mechanism comes into play in response to 
muscular work as early as 14 days after sympathectomy. Its effectiveness 
progresses with time and reaches about one year after sympathectomy a 
maximal value representing 80-90 °% of the normal reaction. 

3. Some time after bilateral section of the vagi, emotional excitement 
does not increase the heart rate above 140. 

4. Bilateral vagotomy produces a striking reduction in the cardiac 
acceleration in response to muscular work. Thus, acceleration in the 
sympathectomized dog in response to emotion and work is explained on 
the basis of a vagal cardio-accelerator mechanism. 

5. Emotion and exercise are still capable of eliciting a slight accelera- — 
tion, the nature of which is discussed with respect to body temperature, 
chemical, metabolic, neurogenic and respiratory factors. 

6. Bilateral vagotomy (cervico-thoracic) produces an alteration in 


the type of breathing during muscular exercise characterized by deep 


diaphragmatic respiratory movements and absence of panting. 

7. Capacity for muscular exercise is markedly reduced by bilateral 
vagotomy. 

8. Temperature regulation during exercise after vago-sympathec- 
tomy is strikingly altered. 

9. Vago-sympathectomy also causes a marked 1 increase in the blood 
lactate response to exercise. : 


REFERENCES 


- Browha, L., Cannon, W. B. & Dill, D. B. [1936]. J. Physiol. 87, 345. 
uha, L. & Nowak, S. J. G. [1939]. J. Physiol. 95, 439. 


Brouha 
Dill, D Brouha, L. [1937]. Travail hum. 5, 1. 
Knowl 


D. B. & 
ton, E. P. & Starling, E. H. [1912]. J. Physiol. 44, 206. 
Robinson, 8. [1938]. Arbeitephysiologie, 10, 251. 


4 
x a 
+k rte, 
4 , 
> 
¢ 
: 
J 
> 
n 
we 
he 
31 
PH. XCV. 
ize 


464 
J. Physiol. (1939) 95, 464-475 i 612.893 :612.823. 54 


THE EXCITABILITY STATES OF INFERIOR 
MESENTERIC GANGLION CELLS FOLLOWING 
PREGANGLIONIC ACTIVATION 


By D. P. C. LLOYD 


From the Laboratory of Physiology, Oxford, and the Department of 
Medical Research, Banting Institute, University of Toronto, Toronto 
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In a previous paper [Lloyd, 1937] the S, ganglion cell pool of the inferior 
mesenteric ganglia was considered to have no appreciable subliminal 
fringe, since facilitation could not be demonstrated by the two-volley 
technique. However, further observations were necessary within the 
first 30-40 msec. following the conditioning volleys as the experimental 
and analytical subtractive errors with short stimulus intervals are 
relatively great. The results with short stimulus intervals are included in 
this paper. The manifestations of inhibition in the inferior mesenteric 
ganglia arealsoconsidered. Itshould be noted that the terms “ facilitation” 
and “inhibition” used here imply merely the discharge of more or fewer 
units in response to a test volley as the result of previous activation. 
These terms are, therefore, descriptive rather than analytical and do not, 
of themselves, imply the nature of a mechanism. _ 
| A preliminary account of the present work has already been presented 
[Lloyd, 1938a]. 
METHOD 

The results here discussed are taken from experiments on sixty-one 
cats. These have been decerebrated under deep ether anaesthesia or 
anaesthetized with nembutal, and not allowed to recover following 
experimentation. Stimuli were delivered to a single preganglionic in- 
ferior splanchnic nerve from coreless coils and timed by a Lucas pendu- 
lum. In all these experiments, action potentials have been recorded | 
postganglionically from the ipselateral hypogastric nerve by means of 
capacity-coupled amplifiers and cathode-ray oscillograph, as described i1 
earlier papers [Lloyd, 1937, 19386]. The value of truly postganglionic 
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leads cannot be over-emphasized as ganglionic leads may lead to con- 


siderable confusion with respect to the size of the spike potential, if due 
precaution is not taken to allow for alterations in the amplitude of the 
slow waves set up by successive volleys [cf. Lloyd, 1939]. 


RESULTS 
With the inferior: mesenteric ganglia uniform results have always 
been obtained whether maximal or submaximal volleys have been 
applied to a single inferior splanchnic nerve. This is to be expected, as any 
one preganglionic nerve does not supply all the ganglion cells. This 


observation agrees with Eccles’ observation [1935)] that maximal 


stimulation of one branch of the annulus Vieussens is comparable to 
submaximal stimulation of the whole cervical sympathetic trunk, with 
respect to the manifestatioxs of facilitation and inhibition in the superior 
cervical ganglion. For this reason, maximal volleys have been used, for 


_ the most part in more recent experiments, to obtain more standard 


conditions. 

The early course of the recovery curve. Fig. 1 shows points in the re- 
covery curves in eight experiments obtained by subtracting the first 
responses from the combined action potentials set up by successive pre- 
ganglionic volleys and expressing the subtracted second response as a 
fraction of the control second response. The greatest reliability cannot be 
accorded such experiments as the subtractive error is considerable. 


_ However, as the extreme experiments have been included, the curve 


gives a reasonable representation of the limits within which the early 
course of the excitability cycle of inferior mesenteric ganglion 8, cells 
must fall. The deficits of potential occasioned by refractoriness and in- 
hibition are definitely separated by a peak of excitability occurring 
between 10 and 20 msec; after the conditioning volley. There is, however, 
no indication of a period of facilitation such as that described by Eccles 


- [19358] for the S, cells of the superior cervical ganglion. A facilitation 


curve for these cells obtained by Eccles has been included in Fig. 1 


(curve AB) for comparison. The potential and time scales are the same. 


The evidence is clear for the conclusion that there is no subliminal fringe 


| _ in the 8, ganglion cell pool of the normal inferior mesenteric ganglion 
(Lloyd, 1937}. 


This conclusion applies only to the large S, cell group in the inferior mesenteric ganglia. — 


| : ‘i his careful distinction must be made because it has been found that there is often a small 
_ und variable S, spike potential which separates out from the main spike potential referable 


to synaptically mon impulses, basco increased conduction distance is allowed in the 
31—2 
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postganglionic hypogastric nerve (Fig. 2). This S, spike may show true facilitation. With 
intermediate conduction distances the 8, and S, potentials are partially fused as in Fig. 2, 
and in such cases, when the 5, potential is increased by facilitation, it encroaches farther 


0 10 50 70 80 msec. 


Fig. 1. The early course of the recovery curve of inferior mesenteric ganglion cells. The 
points are taken from eight experiments, including the two extreme experiments, the 
points of which are marked by triangles. Points of other experiments marked by 

_ circles. The width of the 100 % ordinate represents the spread of values for the control 
potentials. The upper and lower limits of the recovery curve are determined by the 
plots of the extreme experiments. The curve AB is part of the facilitation curve of 5, 
responses in the superior cervical ganglion from Eccles [19356, Text-fig. 3] plotted on 
the same scale for comparison with the inferior mesenteric ganglion S, response. 


Fig. 2. Postganglionic action potential, following a single maximal preganglionic volley, — 
to show the 8, spike (marked by an arrow), which is often present in records from the _ 
inferior mesenteric ganglia. 


upon the rising phase of the 8, potential, the amplitude of the S, potential not being 

appreciably affected. Indeed, the 8, potential may show facilitation while the 8, potential 
is decreased by refractory period. 

___ Before the recognition of an independent group of S, cells, it was thought that the 
observed alteration in the rising phase of the potential was evidence for temporal facili'- 
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| ‘Wg. 3. Action potentials of the hypogastric nerve evoked by two volleys applied to an 
inferior splanchnic nerve at various intervals to show inhibition. Obs. 5 is a control- 
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tion [Lloyd, 1937]. But reinterpretation of Fig. 6 of that paper strongly suggests that the 
second negative elevation in the subtracted second action potential is the 5, spike inter- 
posed between the D, and S, spikes as the result of facilitation of 8, cells. There is no indica- 
tion of the 8, potential in the control response. Thus the experiment illustrated does not, in 
effect, demonstrate temporal facilitation of S, cells of the inferior mesenteric ganglia in the 
absence of spatial facilitation as was previously suggested. ; 

The S, spike of the inferior mesenteric ganglia represents a population of 8, cells com- 
parable with the slower 8, cells of the superior cervical ganglion, a conclusion which re- 
ceives histological support [de Castro, 1932]. As in the superior cervical ganglion [Eccles, 
1935a] these slow S, cells cannot be differentiated from the 4, cells on a basis of threshold 
to preganglionic stimulation. 

| Inhibition 
Fig. 3 shows a series of action potentials evoked by two successive 
maximal volleys at intervals varying from 20 to 400 msec. Obs. 5 is the 
action potential of the testing volley alone. At all except the longest 
interval the second volley fails to set up its full potential, the interval for 


_ maximal inhibition being about 100 msec. In Fig. 4 the inhibitory curve 


% 

Fig. 4, Inhibitory curve for the S, cells of the inferior mesenteric ganglia. The responses of 
the second volley (expressed as fractions of the control response) are plotted against the 
corresponding stimulus intervals. Loe 

in a typical experiment has been plotted, each point representing an 

observation, some of which are shown in Fig. 3, the abscissae being the 

stimulus intervals, the ordinates being the inhibited responses, expressed 
as fractions of the average normal response. At the optimal interval 
inhibition reduces the response by approximately 25 %%. It is character- 
istic of such experiments, not only in the inferior mesenteric ganglia 

but also in the superior cervical ganglion [Eecles, 19356], that only a 

fraction of the ganglion cell pool suffers inhibition, as indicated by the 

discharge of impulses from many ganglion cells at the time of optimal 
inhibition, i.e. some pathways are resistant to inhibition. 

The effect of size of the interacting volleys. When the interval between 

two successive volleys is maintained constant at the optimum, and the 
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size of the testing volley varied, it is found that the relative inhibition of 
8, cells in the inferior mesenteric ganglia usually remains constant. In 


this respect inhibition in the inferior mesenteric ganglia differs from 
inhibition in the superior cervical ganglion [cf. Eccles, 19356). 

In Fig. 5, the 8, potential of each inhibited response is plotted against 
that of the corresponding uninhibited response for a series of observa- 


- tions, As the uninhibited response in Fig. 5 decreases, there is no 


appreciable alteration in the relative amount of inhibition. In the 


100 200 300 

Fig. 5. The 8, potentials of responses to preganglionic volleys of varying strengths are 
plotted as abscissae against, as ordinates, the corresponding potentials of the S, 
responses after partial inhibition by a maxima! preganglionic volley applied at 110 
msec, previously. The amount of inhibition for any response is given on the correspond- 
ing ordinate by the intercept between the plotted curve and the line drawn at 45° from 
the zero origin. 


superior cervical ganglion there is an increase in the amount of inhibition 
as the size of the volley is decreased, which indicates that many ganglion 
cells whose responses to a small second volley are prevented by inhibition 
must discharge impulses in spite of this same inhibition when excited by 
a large second volley. Resistance to inhibition, under these circumstances, 
must be due to convergence of preganglionic fibres upon the ganglion 
cells [ef. Eccles, 19356, p. 224]. When the relative inhibition remains 
constant, as in the inferior mesenteric ganglia, it is doubtful if conver- 
gence of preganglionic fibres upon the ganglion cells per se plays any 
significant part in resistance to inhibition. It may be concluded that 
approximately 75 % of the S, cells in the inferior mesenteric ganglia are 
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- supraliminally excited by the individual activity of single preganglionic 
fibres. These cells are part passu incapable of exhibiting facilitation, as 
they can never enter into a subliminal fringe. 


_ Fig. 6. A similar erpacineat $ that shown in Fig. 3. There is no indication of inhibition of 
the second S, response, Obs. 1 is a control for the first volley alone. Obs. 2 and 9 are 
controls for the second volley alone, Obs. 3-8 are the responses to the two volleys in 
succession at various intervals within the “inhibitory range”. The recording leads are 
close to the ganglion. ps 
In some experiments inhibition has not been observed under optimal 

conditions. Fig. 6 shows an experiment in which no indication of in- 

hibition could be found. Obs. 1 is the potential from the first volley alone, 
obs. 2 and 9 are the similar potential evoked by the second volley alone, 
| while obs. 3-8 show the potentials recorded from the two volleys fired at 
intervals varying from 145. to 320 msec. In such experiments there is | 
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direct evidence that the excitation of a ganglion cell by a single pre- 
- ganglionic fibre may. be individually supraliminal. However, in these 


experiments which show complete resistance to inhibition, a normal 
positive wave is consistently recorded with ganglionic leads [Lloyd, 
1939}. It follows therefore that the positive wave can no longer be 
regarded as the potential sign of inhibition, as the two are separable 
entities. This does not imply, however, that there is not a period of sub- 
normality associated constantly with the positive wave. The wide 
variability of inhibition as contrasted with the constant appearance of 
the positive wave, which has become linked with a depression of the 


_ excitable tissue exhibiting the wave, forces the opinion that a subnormal | 


phase is a fundamental reaction of the ganglion cell. But whether the 
subnormality can, on the other hand, be manifested as inhibition, or not, 
depends not upon any reaction of the ganglion cell but upon the mode of 
synaptic relationship with preganglionic elements, as expressed by the 
height of the excitation provided by the preganglionic endings. Thus in 
all ganglion cells supraliminality of the excitation set up by the activity 
of preganglionic fibres, whether by virtue of convergence or by indi- 
vidual action, can break through concurrent subnormality and. cause 
those cells to discharge impulses. The absence of any apparent inhibition 
in the 7, cells of the ciliary ganglion [Whitteridge, 1937] parallels the 
observations on some inferior mesenteric ganglia and may be susceptible 


of a similar explanation. 


The evidence in this section strengthens the view already suggested 
by Eccles [1936, p. 357; 1937] that depression of excitability and associ- 
ated positivity of ganglion cells are similar to subnormality and after- 
positivity of peripheral nerve. | 

Interpretation of the incremental phase of inhibition. Despite the 
absence of facilitation of S, ganglion cells, the excitability curve for these 
cells (Figs. 1 and 4) shows a phase of increasing inhibition that cannot be 


_ascribed to any. properties of the inhibitory process per se, since dilute 


nicotine will remove the incremental phase together with the N wave 


while leaving unaltered the subsequent course of inhibition and the P 


wave. This effect was noted by Eccles [19356] in the superior cervical 
ganglion, and was called submerged facilitation. However, since the 
effect is demonstrable in a population of ganglion cells which does not 
exhibit true facilitation, it is improbable that it can be due to facilitation 
of some cells masking'the inhibition of others as might be implied by the 
term ‘submerged facilitation”. It may be more properly considered as a 


' process occluding the full development of inhibition itself. 
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It has been shown that inhibition must arise by a raised threshold to 


an otherwise effective stimulus provided by the preganglionic endings, 
i.e..a true subnormality. The process occluding subnormality must also be 
a threshold effect, so it is probable that the process underlying “sub- 
merged facilitation” is a true supernormal phase, without there being 
any actual facilitation. This does not imply that supernormality following 
the first response cannot increase the second response under appropriate 


conditions. For instance, in the superior cervical ganglion facilitation 


occurs after a maximal volley [Eccles, 19356]. The lasting threshold 
alteration which is responsible for facilitation of the later submaximal 


response must exist in cells which have discharged impulses in response to — 


the first volley and is therefore, by definition, a supernormal state. In 
this view supernormality is a fundamental response of the ganglion cell 
which may occlude subnormality and which may find expression in terms 
of facilitation when the mode of synaptic relationship is such as to allow 
subliminal excitation to be set up in the cell from the preganglionic 
endings by a subsequent volley. This condition is not found in the 
inferior mesenteric ganglia. 
Discussion 

The experimental evidence presented in this paper indicates that 
supernormality and subnormality are important events in ganglion cell 
activity. Furthermore, these events form the mechanism underlying the 
facilitation period from 15 to 120 msec. following excitation of the cell, 
and the inhibition period which lasts up to 500 msec. following the 
discharge of an impulse. 

The existence of a prolonged period of lowered threshold in cells 
which have not discharged impulses in response to preganglionic activa- 


tion has long been a difficulty in considering the question of cellular 


mechanism underlying facilitation. Eccles [1936, p. 361], recognizing 
this difficulty, asserted that the “central excitatory state” of ganglion 
cells could not be intimately related to supernormality as seen in nerve. 
However, supernormality following subliminal excitation is now estab- 
lished in principle [Gasser, 1938], which removes the outstanding ob- 
jection to the assumption of complete analogy between the behaviour of 
_ ganglion cell and nerve fibre with respect to their excitability cycles. 


INTERPRETATIONS | 
Fig. 7 is a simplified schematic representation of the types of synaptic 
connexion between preganglionic fibres and their ganglion cells, advanced 


to explain the observed facts concerning facilitation and inhibition in 


>. 
SS eye 
tad 
; 
ay 
4 
“ 
ia 
= 
og 
A 
“= 
aA 
\ 
“a 
Sy 
iy fe. 


EXCITABILITY STATES OF GANGLION CELLS 413 
different ganglia (Lloyd, 1938¢]. Let A, B, C, D, B, F and @ be pre- 


ganglionic fibres impinging upon ganglion cells 1, 2, 3, 4 and 5 in the 


manner illustrated in Fig. 7, and suppose that at least two preganglionic 
endings must be active to set up an impulse in a cell at resting threshold. 
Now a single impulse in preganglionic fibre A will place cell 1 in subliminal 
fringe. A second impulse within about 120 msec. will discharge the cell 
due to the lowered threshold of supernormality following subliminal 


excitation. A single impulse in preganglionic fibre B will discharge cell 2. 


The supernormality following discharge of an impulse will allow a subse- 
quent single impulse in C to discharge the neurone a second time. These 


A B} ic E 


Fig. 7. of the peegangiionis fibre—ganglion cell releticoshipe 
advanced for the interpretation of the variability of facilitation and inhibition on the 
basis of a constantly occurring underlying mechanism. Full description in text. 


two cases illustrate the mechanisms for facilitation. In all the other 


_ examples facilitation is not observed as single impulses are always 


adequate to discharge the cells. However, following the discharge by a 
single impulse in preganglionic D, cell 3 eventually enters the subnormal 
period. A second impulse in D is now no longer capable of discharging 
cell 3, as the excitation is not sufficiently supraliminal to overcome the 
raised threshold of subnormality. The cell is “inhibited”. Due to the 
great number of endings an impulse in £ is always adequate to discharge 
cell 4 even during maximal subnormality. In this example neither 
facilitation nor inhibition may occur, though the cell passes through its 
usual excitability cycle. Finally, if both F and G are activated by the 
testing preganglionic stimulation, cell 5 will behave as does cell 4, being 
neither facilitated into nor inhibited from the response. If, however, by 
weakening the preganglionic stimulus either F or @ fails to respond to the 
test volley then pre-existent subnormality may gain the upper hand and 
the cell will suffer inhibition. This last example illustrates the factor of 
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convergence in causing the discharge of an impulse from the cell despite 
its subnormality. 

Thus in Fig. 7 the types of connexion outlined for cells 3 and 4 repre- 
sent the experimental findings in the inferior mesenteric ganglia, while 
those for cells 1, 2 and 5 fit the many observations that have been made on 
the superior cervical ganglion by Eccles and others. 


SuMMARY 


An <aaion subliminal fringe cannot i demonstrated in the BS, 
ganglion cell pool of the inferior mesenteric ganglia, but the phase of 
increasing inhibition (submerged facilitation) indicates the presence of a 
period of supernormality lasting approximately 100 msec. 

The response to a testing volley may be inhibited by 20-25 % at the 
optimal interval, or may show no inhibition. The constant degree of 
inhibition in any one ganglion over @ range of stimulation strengths indi- 
cates that the impulses from a preganglionic fibre are for the most part 
individually supramaximal for the cells supplied by that fibre. 

The assumption that supernormal and subnormal states exist in 
ganglion cells, as in peripheral nerve, will explain the whole body of 
experimental evidence, including the prolonged state of. lowered thres- 
hold, which can exist in cells without an impulse being discharged, i.e. in 
the subliminal fringe. For the purpose of the present discussion this — 
lowered threshold state of the subliminal fringe has been called super- _ 
normality following subliminal excitation. This state is probably ana- 
logous to that which underlies recruitment in nerve. 

Supernormality and subnormality are considered as the fundamental 
reactions of the ganglion cell. Facilitation and inhibition, though based 
on these reactions, are primarily functions of the relationship between 


preganglionic fibres and ganglion cells, as is the absence of facilitation _ 
inhibition. 
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DETERMINATION OF HISTAMINE IN BLOOD 


By G. V. ANREP, G. BARSOUM, M. TALAAT ann 
E. WIENINGER (Vienna) 


the Laboratory, University of Cairo, 
(Received 29 November 1938) 
Barsoum & Gappum [1935] described a method for estimating the hista- 


mine equivalent of blood. This method, which has been used by several — 


independent observers and found to be reliable, has been criticized by 
Code [1937] as being unreliable and time-consuming. He found that 
duplicate extracts of the same sample of blood frequently showed dis- 
crepancies of over 30 % and that only 50-80 % of the histamine added to 
water could be recovered. He modified the method, claiming that with 
his modification 100 % of the histamine added to water and 90-95 % of 
that added te blood was recovered. In view of the criticism advanced 
against Barsoum & Gaddum’s original method, which has been widely 
used in our laboratory, we.decided to control once more all the steps of 
extraction in order to find the cause for the unsatisfactory results ob- 
tained by Code with the original method. 

According to Barsoum & Gaddum the preparation of a blood extract 
requires the following steps: 

(1) Precipitation of the blood with trichloroacetic acid, filtration and 
removal of the acid with ether.. 


(2) Hydrolysis of the filtrate with conc. HCl, removal of the acid by 
distillation in vacuo. 

(3) Extraction of the dry residue with three successive portions, 2 c.c. 
each, of absolute alcohol saturated with NaCl filtration = removal of the 
alcohol from the filtrate. 

(4) The dried residue is dissolved in water, neutralized to litmus, 
adjusted as regards concentration of salts by addition of normal solution 
of sodium chloride and assayed for histamine on the guinea-pig’s ileum. 

When high concentrations of histamine were expected, e.g. in 
rabbit’s blood, the alcoholic extractions were omitted and the residue 
obtained after stage 2 was dissolved in water and assayed for histamine. 
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In his modification of this method Code omits the extraction with 
ether since hydrolysis in HCl by itself splits the trichloroacetic acid to 
volatile compounds which are removed during the distillation in vacuo. 
The adjustment of the pH is made more carefully with the use of bromo- 
thymol-blue and the final extraction in alcohol is made at a temperature 
of 52° C. In spite of these modifications the recovery of histamine did not 
improve, but when he omitted the alcohol extractions and used water 
extraction as originally employed by Barsoum & Gaddum for strong 
concentrations of histamine, he obtained satisfactory results. He con- 
cludes that the use of alcohol in the preparation of the final concentrated 
extract caused the considerable loss of histamine he had previously 
observed. 

METHODS 


The method of Barsoum & Gaddum [1935] ‘el Code’s modification, 
in which the alcohol extraction is omitted, have been applied to the ex- 
traction of histamine added to Tyrode solution or to blood and to the 
extraction of the histamine-like substance in blood. In all experiments 
bromo-thymol-blue was used as indicator for adjusting the pH. In the 
experiments in which histamine was extracted from Tyrode solution the 
trichloroacetic acid treatment could be omitted and the solutions at once 
treated with HCl. In these experiments the concentrations varied 
between 0-2 and 10 yg. of histamine acid phosphate per c.c. Tyrode solution. 

The histamine assay was made in duplicate tests and in most cases by 
two observers working independently on different strips of intestine. In 
some experiments the final extracts were tested on the atropinized rectal 
coecum of the fowl rendered insensitive to histamine by the addition of 
0-5-1 ug. of histamine acid phosphate per c.c. of Tyrode fluid of the bath. 
The muscle treated in this way still reacts to other muscle stimulant 
substances. In a few experiments the final extracts were treated 
with histaminase prepared as described by Anrep, Barsoum & Talaat 


.  -{1936]. The activity of the preparation was such that 1 c.c. of 


histaminase solution reduced 100g. of histamine to less than 0-5 yg. in 
30 min. at 37° C. and at the pH of the Tyrode solution. 


EXPERIMENTAL 
Extraction of histamine from Tyrode solution 
We did not observe such a low histamine yield with the alcoholic 
extraction as reported by Code. Whereas the watery extraction yielded 
a recovery of between 95 and 105 %, the yield with the alcoholic extrac- 
tion was between 90 and 95 %. Extractions with cold alcohol usually 
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gave somewhat better yields than at 52° C., but the difference was within 
the limits of the accuracy of the method and could not account for the 
big discrepancies recorded by Code. The yield was somewhat improved 
when the residue obtained after removal of the HCl was extracted four 
times instead of three times with 2 c.c. of absolute alcohol. For instance, 
in the two experiments of Table I three successive extractions with 
‘Taste. Recovered histamine from a solution of Tyrode containing per c.c. 1 pg. histamine 
acid phosphate with four successive extractions of 2 ¢.c. of absolute alcohol each 
Histamine in yg.[0.c. 


Exp. 1 
Ist extraction 0-62 0-70 
2nd pe 0-20 0-16 
8rd is 0-10 0-07 
0-02 0-04 
Water extraction of the residue 0-04 0-05 
Total recovery 0-98 1-02 


2 c.c. of alcohol each yielded 0-92 and 0-93 ug., four extractions 0-94 and 
0-97 wg. of the 1 ug. of histamine present’in 1 c.c. of the original solution. 
The residue left on the filter contained about 5 % of the histamine. — 
In some experiments we made four extractions with 6c.c. or six 
extractions with 4c.c. each of absolute alcohol saturated with NaCl; 
the residue was removed by centrifuge instead of filtration. After 
_ thoroughly mixing the dried hydrolysate with the alcohol the extract was 
centrifuged, the whole supernatant fluid was removed, evaporated and 
dissolved in 10 c.c. of water instead of 2-5c.c. to make the necessary 
allowance for the extra salt content. With this modification the yield 
of histamine was between 95 and.105 °% and identical with that obtained 
with Code’s method of extraction. 3 


The histamine equivalent of defibrinated dog’s blood 
We agree with Code’s statement that the histamine equivalent of 
defibrinated blood is higher when the alcoholic extraction is omitted in the 
preparation of the blood extract, but we shall see that this does not result 
from incomplete extraction of the blood histamine by alcohol. Our 


Taste II, Comparison of the histamine equivalent in yg./c.c. of defibrinated dog’s 
blood extracted according to Code (A) and to Barsoum & Gaddum (B) 


No. of exp. (A) (B) Difference in % 
1 0110 0-066 40-0 
2 0-060 0-027 55-0 
3 0-040 0-035 12-5 
4 0-067 0-050 25-0 
5 0-075 0-055 26-5 
6 0-100 | 0-080 20-0 
7 0-055 - 0-033 40-0 
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results are given in Table II. The alcoholic extractions were made with 
§c.c. of alcohol. The use of larger amounts did not improve the yield. 
Duplicate samples invariably agreed with each other, the difference not 
exceeding the limits of the experimental error. 


Extraction of histamine added to defibrinated blood 
Histamine added to defibrinated blood can be almost completely 
recovered by both methods. 92-108 % of the added histamine were _ 
recovered by the water extraction and 92-98 % by the alcohol extrac- 
tion. A typical experiment is given in Table III. | 


Taswz III. Recovery from freshly defibrinated dog’s blood of 


added histamine acid phosphate 
i Histamine equivalent percen 
blood expressed i in pg. eroantage 
‘Water - Alcohol 
extraction extraction 

Without histamine 0-10 0-07 
With 0-2 yg./c.c. histamine 0-32 0-28 
Recovered histamine 0-22 | 0-21 


The presence of an alcohol-insoluble, smooth muscle 
contracting substance in blood 

The fact that histamine added to blood could almost completely be 
recovered with both methods, that alcohol extraction of defibrinated 
blood, however, yielded a smaller histamine equivalent than water 
extraction, led us to examine the alcohol-insoluble residue obtained after 
the final alcohol extraction. The residue was dried in vacuo, taken up in 
water and its pH adjusted. When tested on the guinea-pig’s ileum it 
showed a histamine-like activity of the same order as would be expected 
from the difference shown in the results obtained by the two methods, 
_ and when the solution of the residue in water was mixed with the final 
. extract prepared according to the method of Barsoum & Gaddum, the 
mixture was found to give approximately the same result as the water 
extracts prepared according to Code. 

Distribution. Serum, blood corpuscles, the layer of white cells and the 
fibrin mass were examined separately. The results obtained suggest that 
the alcohol insoluble active substance is derived from the red blood 
corpuscles. It should be stated that on centrifuging defibrinated blood no 
special concentration of the histamine-like substance occurs in the upper 
layer of the corpuscular mass. In this respect defibrinated blood differs 

PH. XCy. 32 
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from centrifuged normal blood in which the layer containing the white 
blood cells and the platelets is especially rich in histamine (Code, 
1937]. 

Estimations of the histamine equivalent of serum gave identical 
results with both methods of extraction, whereas the results obtained for 
the blood corpuscles differed widely (Table IV). The difference was even 


Taste IV. Histamine equivalent of corpuscles and serum in pg./c.c. as 
determined by the method of Code (A) and of Barsoum & Gaddum (B) © 


Corpuscles _ Serum 
pi 
(A) (B) in % (A) (B) in % 
0-070 0-030 - 57 0-040 0-043 +7 
0-091 - 3 * 0-079 . 0-075 -5 
0-100 0-075 ~ 25 0-080 0-082 +3 
0-190 0-080 - 58 0-088 0-084 -5§ 
0-044 0-012 -73 0-010 0-010 0 
0-180 0-090 -50 0-072 0068 -3 


more conspicuous than that observed for whole blood. When the residue 
obtained from the alcohol extraction of the corpuscles was taken up in 
water and assayed for histamine on the guinea-pig’s ileum, the value 
obtained accounted for the difference observed with the two methods of 
extraction. In the case of the serum, where the two methods gave 
identical results, the residue obtained after alcoholic extraction was found 
to be inactive when taken up in water and tested on the gut. 

The alcohol insoluble active substance can also be extracted from 
unclotted non-defibrinated blood, although it appears to increase in 
amount on defibrination. Alcohol extracts were prepared from fifteen 
samples of blood or of blood corpuscles before and after defibrination. 
The alcohol insoluble residue was taken up in water and assayed against 
histamine. The values obtained witli blood or corpuscles after defibrina- 
tion were in three samples 300 %, in ten samples 50-100 %, higher than 
those obtained from non-defibrinated blood; in the remaining two 
samples the increase was within the limits of accuracy of the method. 

When the alcohol insoluble residue obtained from the white cell 
layer and the fibrin mass was taken up in water and tested on the guinea- 
pig’s gut, it was found to have no stimulating action. . 

Comparison with histamine. The insolubility in alcohol made it un- 
likely that the active substance derived from the residue after alcoholic 
extraction was histamine and the following observations show con- 
clusively that we are dealing with a different substance. 
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Water and alcohol extracts of corpuscles and of serum and their 
respective alcoholic residue were assayed on the atropinized rectal 
coecum of the fowl. The main results are illustrated in the experiment, 
Fig. 1. The amounts of extract injected represent 1 c.c. of corpuscles or of 
serum respectively. The coecum was sensitive to 0-05 ug. histamine acid 
phosphate (at a). The extract of corpuscles (at 5) and of serum (at d) gave 


Fig. 1. Reponses of the atropinized rectal coecum of the fowl to histamine acid phosphate 
and to extracts. 5¢.c. bath. Between i and j the Tyrode solution was changed to one 
containing 1 in 2 millions histamine acid phosphate. (For details see text.) 


contractions equal to 0-1 ug. histamine (at c). The water extract of cor- 
puscles (at f) and the extract of the alcoholic residue (at h) gave con- 
_ tractions considerably greater than those produced by 0-15 yg. (at e) and 
even by 0-3yug. (at 4) histamine acid phosphate. The residue of the 
alcoholic extract of serum (at g) was inactive. The response of the coecum 
to water extracts of corpuscles and of the alcoholic residue differs from 
that to histamine. It is progressive in character and does not show the 
typical abrupt upstroke which is followed by a relaxation. After render- 
ing the coecum insensitive to histamine it ceased to respond not only to 

32—2 
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482 G. V. ANREP AND OTHERS 
our standard histamine solution but also to all extracts of blood, serum or 


corpuscles prepared according to the method of Barsoum & Gaddum. 


At j and 7, 0-5yg. of histamine acid phosphate and at m an extract of 
corpuscles prepared according to Barsoum & Gaddum were added to the 
bath. Extracts of serum prepared according to Code were also inactive. 
On the other hand, extracts of blood and especially of blood corpuscles 
(at 1), prepared according to Code, and the aqueous extracts of the 
alcoholic residues of corpuscles (at k and 0) and of blood evoked con- 
spicuous contractions of the rectal coecum. The aqueous extract from the 
residue obtained from alcoholic extraction of serum (at ») had no stimu- 
lating action. We found that the rectal coecum desensitized to histamine 
is considerably more sensitive to the alcohol-insoluble active principle 
than the guinea-pig’s ileum. 

Extracts prepared by the method of Barsoum & Gaddum were ren- 
dered almost completely inactive after incubation with histaminase. On 
the other hand, there was no diminution in the activity of the aqueous 
solution of the alcoholic residue. In one experiment, for instance, its 
histamine equivalent before and after one hour’s incubation with 
histaminase was 0-125 and 0:130yg./c.c. Extracts of blood corpuscles 
prepared according to Code’s method were only partially affected by in- 
cubation with histaminase. 3 

The alcohol-insoluble active principle is less stable in blood than 
histamine. The histamine content of defibrinated blood or heparinized 
blood hardly changes when the blood is kept for 24 hr. in aseptic con- 
ditions, whereas the alcohol insoluble principle is considerably reduced in 
amount or completely destroyed. For instance, the histamine content of 
a sample of blood determined directly after defibrination was 0-045 yg./c.c. 
Determinations made at intervals of 1, 2, 6 and 24hr. gave 0-043, 
0-045, 0-045 and 0-040ug./c.c. The activity of the alcohol insoluble 
_ substance obtained from the residue of the alcohol extraction was also 
assayed in terms of histamine. The value of 0-04 yg./c.c. at the beginning 
fell to 0-3 ug. after 6 hr. and to less than 0-1yg./c.c. after 24 hr. — 


Discussion 


The results of our experiments are not in agreement with the state- _ 
ment of Code that the method devised by Barsoum & Gaddum for 
determining the histamine content of blood is unreliable, or that the use 
of alcohol in the preparation of the extract involves a considerable loss of 
histamine. In our experiments we found that 90-92 % of the histamine 
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added to Tyrode solution or to blood could be recovered by this method 
and that the yield was further improved when four successive alcohol 
extractions were employed instead of three, as originally devised, and 
when the total amount of the alcohol used for the extraction was in- 
creased from 6 to 24 c.c. We agree with Code that the histamine equiva- 
lent of blood extracted according to Barsoum & Gaddum is usually much 
lower than that obtained by Code’s modification of extraction. The 
discrepancy, however, does not, or only to a slight extent, result from the. 
fact that with alcohol extraction the blood histamine is not completely 
extracted, but from the presence in blood extracts of an alcohol-insoluble 
substance, which contracts the guinea-pig’s ileum. This substance is 
extracted with Code’s method and is in part responsible for the “hista- 
mine-like activity” exerted by his water extracts. His method therefore 
cannot be applied to the estimation of histamine in blood or in blood 
corpuscles. It is, however, applicable to serum and plasma because the 


- alcohol insoluble substance which is responsible for the effect is derived 


from the red blood corpuscles. Our experiments throw no light on the 
problem as to whether this substance exists in the circulating blood 
corpuscles or is a product of the various chemical manipulations involved _ 
in the preparation of the blood extracts. Fleisch [1938] has recently 
published experiments showing the presence of an unknown substance 
derived from the red blood corpuscles which stimulated the guinea-pig’s 
uterus. The possibility that his substance is identical with ours has to be 
taken into account. 
SUMMARY 

1. Contrary to the statement of Code 90-95 % of the histamine 
added to Tyrode solution or blood can be recovered by the method of 
extraction devised by Barsoum & Gaddum. With the use of four succes- 
sive alcohol extractions instead of three, as originally devised, and with 
the use of larger amounts of alcohol than 2 c.c. for each extraction, the 
yield is further improved. 

2. In agreement with Code we find that with his method of extraction 
the histamine equivalent of blood or of blood corpuscles is usually much 
higher than that obtained with the method of extraction devised by 
Barsoum & Gaddum. This difference results from the presence in Code’s 
extracts of an alcohol insoluble substance which contracts the guinea- 
pig’s ileum and is included in Code’s values of the histamine equivalent of 
the blood. 

3. The alcohol-insoluble substance is derived from the red blood ' 
corpuscles and increases in amount on defibrination. 
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4. Apart from its insolubility in alcohol the substance differs from 
histamine in its action on the atropinized rectal coecum of the fowl 
rendered insensitive to histamine, its resistance to the action of hista- 
minase and its instability in blood kept under aseptic conditions for 
24hr. 
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THE ACTION OF SOME AMINES RELATED 
TO ADRENALINE: METHOXY-PHENYLISO- 
PROPYLAMINES 


By J. A. GUNN, M. R. GURD ann I. SACHS 
From the Nuffield Institute for Medical Research, Oxford 


(Received 12 December 1938) 


In previous papers [Epstein, Gunn & Virden, 1932; Elphick & Gunn, 
1934] an account has been given of the actions of certain compounds, 
related to adrenaline in so far as they possess the phenylethylamine 
skeleton, in which a (—H) has been replaced by (—OCH,) either on the 
benzene ring or on the ethylamine side-chain or on both. Determinations 
were made especially of (a) the toxicity, (b) the action on the central 
nervous system and (c) the presence or absence of peripheral sympatho- 
mimetic action, of the compounds investigated. 

In the present paper a similar account is given of the actions of certain 
methoxy derivatives of phenylisopropylamine (benzedrine). As the 
investigation is primarily concerned with those derivatives rather than 
with benzedrine itself, which is only used here for comparison, no attempt 
has been made to discuss the already considerable literature on the latter 
substance. 

To indicate the object of this paper, a brief summary is necessary of 
the results arrived at in the two papers mentioned, and, to facilitate 
comparison, the compounds used in the present paper are numbered 
consecutively with those in the previous papers. 

Epstein e al. [1932] investigated 

(1) p-Methoxy-phenylethylamine. 

(2) m-Methoxy-phenylethylamine. 

(3) 3: 4-Methylenedioxy-phenylethylamine. 

(4) 3: 4-Dimethoxy-phenylethylamine. 


OCH, 0 OCH, 
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The minimum lethal dose per kg. by intraperitoneal injection for 
mice was found to be approximately (1) 0-15 g., (2) 0-23 g., (3) 0°30 g. and 
(4) 0-42 g. The first three compounds all stimulate the central nervous 
system but with some differences in the site of action; the fourth com- 
pound produces only depression. The first three compounds produce a 
peripheral sympathomimetic action in cats but not in rodents, while the 
fourth has no sympathomimetic action in any of these animals. All four 
compounds have a direct stimulant action on smooth muscle. In the 
decerebrate cat compounds (1) and (2) have about 1/300, compound (3) 
about 1/400, of the pressor activity of adrenaline. 

Elphick & Gunn [1934] investigated the following compounds, with a 
view to determining the effect of introduction of a methoxyl group in the 
B position of the ethylamine side-chain. 


(5) p-Methoxyphenyl-methoxyethylamine. 
(6) 3: 4-Dimethoxyphenyl-methoxyethylamine. 
(7) 3: 4: 5-Trimethoxyphenyl-methoxyethylamine. 


(6) 
OCH,).CH,.NH, (OCH,).CH,.NH, 


This addition of a methoxyl group to the side-chain diminishes 
physiological activity as compared with that of the corresponding 
compounds lacking this methoxyl group. Thus compound .(5) differs 
from compound (1) as follows: it possesses about two-fifths of the 
toxicity for mice and of the pressor action in decerebrate cats; it has 
lost the sympathomimetic action which the latter compound exhibits 
pati and it has a weaker stimulant action on the central nervous 

m. 
The present paper deals with the following compounds: 


(8) B-Phenyl-isopropylamine (“ benzedrine’”’). 

(9) 3: 4-Methylenedioxyphenyl-isopropylamine. 
(10) 3: 4-Dimethoxyphenyl-isopropylamine. 
(11) 3-Methoxy : 4-hydroxyphenyl-isopropylamine. 
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AMINES RELATED TO ADRENALINE 
| (12) 3-Methoxy : 4-phenylmethoxypheny]-isopropylamine. 
(13) 3-Phenylmethoxy : 4-methoxypheny]-isopropylamine. 


CH,.CH(CH,)NH, .CH(CH,)NH, 
OCH, OH 

(10) om (11) bu 

.CH(CH,)NH, .CH( 
OCH,(C,H;) OCH, 

(13) CoH) 


H,.CH(CH,)NH, -CH(CH,)NH, 
Toxicity 
The minimum lethal dose was determined in mice by intraperitoneal 
injection. As the available quantity of most of the drugs was not 
sufficient to permit the determination of lethality in groups of animals, 
the approximate minimal lethal dose was estimated by administration of 
graded doses, not less than ten animals being used for each assay. The 
following table gives the minimal lethal dose in grams of drug i 


kilogram of animal: 


Compound (8)—0-12 . Compound (11)—0-70 
(9)—0-12 »  (12)—0-12 
(10)—0-25 (13) —0-20 


Some points in regard to the relative toxicities of the first four of these 
compounds are of interest when compared with the findings in the pre- 
vious two papers. Epstein et al. [1932] found that, in compounds of this 
series with an ethylamine side-chain, the 3: 4-dimethoxy compound was 
less toxic than the 3: 4-methylenedioxy compound, which in turn was 
less toxic than either the p- or m-methoxy compound. Elphick & Gunn 
[1934] found that in compounds with a methoxy-ethylamine side-chain 
the 3: 4-dimethoxy compound was less toxic than the p-methoxy com- 
pound, In the present group with an isopropylamine side-chain the 
dimethoxy compound (10) is again less toxic than the 3: 4-methylene- — 
dioxy compound (9). Though all the possible compounds necessary for a 
complete comparison have not been available, it can be said from these 
experiments that, with three different types of side-chain, the 3: 4- 
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dimethoxyphenyl compounds are less toxic than the 3: 4-methylene- 
dioxy compounds, which latter are less toxic than the p- or m-methoxy 
compounds. 


With regard to compound (11), 3-methoxy: 4-hydroxyphenyl- — 


isopropylamine, no compound with this nucleus has been previously 
investigated. Alles [1933] found that the introduction of a phenolic 
hydroxyl group in the p-position lowered the toxicity of both pheny]- 
ethylamine and of phenylisopropylamine. Epstein e al. [1932] found 
that p-hydroxyphenylethylamine is less toxic than m-methoxyphenyl- 
ethylamine. The result of adding both groups to the nucleus could, there- 
fore, hardly be predicted. Actually the result is greatly to diminish the 
toxicity of phenylisopropylamine. In other words this compound also 
suggests that the presence of a phenolic hydroxy] group in the p-position 
diminishes toxicity. 

Lastly, by comparison of the toxicities of compounds (3) and (4) with 
compounds (9) and (10), it appears that the isopropylamine side-chain 
renders a compound more toxic than the corresponding compound with 
an ethylamine side-chain. Alles [1933] came to the same conclusion with 
a different set of compounds. 

In all our experiments toxicity has been determined mainly by intra- 
peritoneal injection in mice. Reservation must be made that identical 
relations may not hold good for other animals. 


SYMPTOMS PRODUCED 


In the investigation of compounds related to adrenaline, attention has 
usually been focused upon the pressor and the sympathomimetic actions, 
relatively little being known about the action of most compounds on the 
central nervous system. 

Epstein ef al. showed that methylation of a single —OH group in the 
para position changed p-hydroxy-phenylethylamine from a depressant 
into a convulsant. They also found that m-methoxy- and methylene- 
dioxy-phenylethylamine had a stimulant action on the central nervous 
system, whereas the dimethoxy compound was almost purely depressant. 
Since the discovery of the central stimulant properties of benzedrine and 
of its use in various conditions of nervous depression, more interest has 
_ been aroused in the action of such compounds on the central nervous 
system. We have investigated the nervous symptoms produced by the 
present series of compounds in mice, by simple observation and also by 
cinematograph records. It is impossible by “clinical” notes to record all 
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"the symptoms, and a cinematograph record of the symptoms of intoxica- 
tion of an animal not only gives a more complete record and one which 
can be scrutinized repeatedly but also enables a comparison to be made 
with symptoms produced by other compounds in other experiments done 
at other times. Even with cinematographic aid, only a crude diagnosis 
of the site of action on the central nervous system can be made. Several 
of the compounds under consideration produce a type of stimulation of 
the central nervous system closely resembling that produced by benze- 
drine, but the symptoms produced by different compounds are not 
identical, indicating minor differences in the site or intensity of action. 
Similar differences would almost certainly be exhibited also in man, with 
consequent differences in their therapeutic values. __ 

A description of the symptoms produced by each compound would 
require lengthy protocols, and it will suffice for the present purpose to 
enumerate the chief symptoms produced in mice by benzedrine itself and 
then briefly to compare with those the symptoms produced by the other 
derivatives. 

Benzedrine (compound 8) produces in the first instance the following 
effects: increased motor activity with jerky progression and frequent 
spontaneous leaps, sometimes accompanied by squealing, tremors, 
champing of the jaws and panting respiration; convulsions definitely of 
the cortical type with no marked effect on the spinal reflexes. If the dose is 
sufficiently large, paralytic symptoms supervene, respiration becomes 
slower and death appears to be due to respiratory paralysis. 

Compound (9) produces very similar effects, the convulsive move- 
ments being rather more violent. As the discovery of a compound 
belonging to the benzedrine group which would have a more powerful 
stimulating effect on the central nervous system than benzedrine itself 
would be not only of pharmacological interest, but probably of thera- 
peutic value, further experiments were done to compare compounds (8) 
and (9). The symptoms produced in rabbits were very similar in the case 
of both compounds. Both produced a great increase in motor activity and 
a very marked acceleration of respiration. A dose of 0-02 g./kg. of com- 
pound (9) in one rabbit increased the respiration rate from 60 to 240 per 
min. A symptom produced by both compounds is one which we have not 
observed with other stimulants of the central nervous system. As a 

warning signal, or in some cases possibly as a sexual manifestation, 
_ tabbits raise their hindquarters and bring the hind legs down with a thud 
on the ground. During the period of stimulation with compound (9), this 
symptom occurs repeatedly, and it was found also to occur with benze- 
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drine. It may be a useful localizing symptom. In blood-pressure experi- 
ments on spinal cats it was found that compound (9), if in sufficient doses, 


almost invariably produces reflex movements, whereas these were not 
observed with benzedrine. Also in experiments on the intact cat, deeply 
anaesthetized with ether, compound (9) evoked eaaihheonoaiet but com- 
pound (8) did not. 

From the experiments mentioned on mice, rabbits and cats we came 
to the conclusion that methylene-dioxyphenyl-isopropylamine is a more 
powerful stimulant to the central nervous system than phenyl-iso- 
propylamine. 

Compound (10) produced slight tremors and ataxia, with no marked 
stimulant effect. The superior stimulant effect of compound (9) over 
compound (10) affords a parallel to the phenylethylamine compounds, in 
which case also the methylenedioxy compound (3) has a much more 
powerful stimulant action than the dimethoxy compound (4). 

Compound (11) was of interest as it possesses a phenolic —OH in the 
p-position and a phenolic methoxy] in the m-position. Alles [1933] found 
that the hydroxypheny] derivatives had less marked effect in awakening 
animals from anaesthesia than the corresponding phenyl derivatives. 
Epstein et al. [1932] found, from the mere symptoms of poisoning, that in 
the case of the phenylethylamines a phenolic —OH suppressed stimula- 
tion while a phenolic —OCH, preserved or increased it. In a compound 
with both groups (11) the influence of the hydroxy group seems to pre- 
ponderate; for it was found to have only a very slight stimulant action, 
producing slight tremors but no gross convulsive movements. 

Compounds (12) and (13) produce a clonic convulsive effect, being 
definitely more stimulant than compound (10). The stimulant effect is 
less enduring than with compound (9). 

_ Astudy of these compounds, so far as they have been available, shows 
agreement and permits the following conclusions in regard to the stimu- 
lation of the central nervous system: 

(1) With an isopropylamine side-chain, the compounds may be 


arranged, in diminishing intensity of stimulation, in the following order 
of modification of the phenyl nucleus: 


The degree of stimulation of the nervous system was estimated, from 
the cinematograph and observational records, mainly by the sais 
frequency and duration of the convulsive movements. 
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(2) So far as compounds of this series have been available for 
comparison, the isopropylamine side-chain renders a compound more 
stimulating to the central nervous system than the ethylamine side- 
chain. Thus phenylisopropylamine is more stimulant than phenylethy]- 
amine and the methylenedioxy- and dimethoxy-isopropylamines are 
more stimulant than the corresponding ethylamine compounds. The same 
difference has been found to be true of some other compounds at present 
under investigation with different phenolic nuclei. 


ISOLATED MAMMALIAN HEART 


In the case of compounds (1), (2) and (3), it was found that they 
produced typical sympathomimetic effects (augmentation and accelera- 
tion) on the perfused heart of the cat but no such effect on the heart of 


Fig. 1. Isolated: perfused rabbit's heart: showing M,) depressant action of methy|- 
y-phe e (1 in 25,000) contrasted with (tA) sympathomi- 
metic effect of adrenaline (1 in 5,000,000). 


the rabbit. It was, in fact, these experiments that first suggested, what 
was afterwards confirmed for other tissues, that sympathomimetic 
responses to these compounds might differ in the cat and in rodents. The 
reaction of the hearts of cats and rabbits to the new series of compounds 
was, therefore, of interest. 

In the case of compounds (8)-(13) it was found also that none of them 
produced any characteristic sympathomimetic effect on the perfused 
heart of the rabbit. Fig. 1, for example, shows a purely depressant action — 
of compound (9), 1 in 25,000, contrasted with the typical effect later 
produced in the same heart, by adrenaline 1 in 5,000,000. On the cat’s 
heart, however, typical augmentation and acceleration was obtained, 


especially with compounds (8), (9) and (11). Fig. 2 shows the absence of 
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- effect with 1 in 50,000 of compound (11) on the rabbit’s heart (upper 
tracing) and the typical sympathomimetic effect of the same strength of 


Fig. 2. Isolated perfused mammalian heart: of effect of 
_ 3-methoxy : 4-hydroxy-phenylisopropylamine (1 in 50,000) in the rabbit's heart, con- 


trasted with the sympathomimetic effect (lower tracing) of the same solution in the 
cat’s heart. 


solution on the cat’s heart (lower tracing). Fig. 3 shows almost equal 
effects produced on the cat’s heart, by injection into the side tube of the 
perfusion apparatus, of 0-1 yg. adrenaline (a) and 5g. of compound (11). 
The effect of benzedrine itself was qualitatively similar. 


Fig. 3. laclated showing similarity of effect produced by (a) of 
3-methoxy : 4-hydroxy-phenylisop pylamine and (6) 0-1 ug. adrenaline. 


Compounds (10), (12) and (13) produced only depression of the heart, 
even in the cat. Fig. 4 shows the depression produced by 0:5 mg. of 


compound (12) (b) and compound (13) (c), as contrasted with O-lyug. 
adrenaline (a), 
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So far as the evidence from the perfused heart is concerned, therefore, 
a sympathomimetic effect is obtained in the cat with compounds (8), (9) 


Fig. 4. Isolated perfused cat’s heart: showing (a) sympathomimetic action of 0-1 yg. 
adrenaline, (5) ee ee ee of compound (12), and (c) of com- 
pound (13). 


and (11) but not with compounds (10), (12) and (13), and no clear 
sympathomimetic effect is obtained in the rabbit with any of these 
compounds. 
BLOOD PRESSURE 

-_ Blood pressure experiments were done on spinal cats, on cats anaes- 

thetized with ether, and on rabbits anaesthetized either with urethane or 
ether. While qualitative effects on blood pressure were readily decided, 
quantitative effects involving comparison of two compounds were 
difficult to-measure accurately. 

Nearly all workers with compounds of this type have noted that a 
previous injection of one compound may modify the effect of subsequent 
injections either of the same, or of related, compounds. This being the 
case, one might hope to make quantitative comparisons by utilizing 
only the first injection in each animal, the experimental conditions being 
the same in each case; but, even so, it was found that there were fairly 
wide differences even with the same dose in different individuals of the 
same species. In these respects, most of these compounds differ from 
adrenaline with which the usual experience is that one can obtain almost 
identical rises of blood pressure with repeated identical doses in the same 
animal, even if these injections are closely spaced. 

The following experiment may be cited as an example of a quite 
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common result, In a spinal cat, the following doses were given at 15 min. 
intervals with the resulting rises in blood pressure: | 


Dose and drug Rise of blood pressure 

10 pg. adrenaline 120 mm, 

1 mg. compound 11 100 ,, 

1 mg. 82 

2 mg. 106 

5 mg. ” 96 ” 

1 mg. 46 
10 pg. adrenaline 10, - 


With successive doses of compound (11), the rise of pressure produced 
was not proportional to the dose, 1 mg. producing firstarise of 100mm. 
then of 82 mm., and, after a total dose of 9 mg., only 46mm. On the © 
other hand a dose of 10yug. adrenaline produced the same effect after 
10 mg. of compound (11) as it had done in the beginning. Often there was 
some reduction in the pressor effect of adrenaline following previous doses 
of these compounds, but it seemed always to retain its effect on repetition 
better than did any of the other compounds. 

The following statements are based upon a large number of experi- 
_ ments but must be taken with the reservations mentioned above. 


(a) Cats 


Compounds (8), (9) and (11) all produced marked pressor effects 
lasting longer, for an equivalent rise of pressure, than the effects of 


Fig. 5. Spinal eat, blood pressure: showing (a) prolonged effect of 5 mg. of 3 methoxy : 4- 
hydroxy -phenylisopropylami » a8 compared with (5) 10 ug. of adrenaline. 


adrenaline. Of these, compound (11) was most powerful, 2 mg. pro- 
ducing a rise equal in height to that produced by 10g. adrenaline; in 
other words it has about 1/200 of the pressor activity of adrenaline. The 
pressor effect of it is, however, much more lasting. Fig. 5 shows the 
effect of 5 mg. of compound (11) (a in figure) compared with that of 
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the blood pressure reached its normal level in 2 min., but, with compound 
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10g. adrenaline (6 in figure). The first injection produced a rise of 
blood pressure of 125 mm., the second injection 95 mm. After adrenaline, 


Fig. 6. Spinal cat, blood pressure after ergotoxine: showing “‘reversal’’ by adrenaline 
(10 wg.) at (a) but not by 3-methoxy : 4-hydroxy-phenylisopropylamine (2 mg.) at (5). 


(11), blood pressure did not reach the normal level until after 10 min. The 
_ prolonged duration of the pressor effect of this compound, coupled with 


B ‘Fig. 7. Spinal cat, blood preswane: showing (@) pronounced rise of pressure by 1 mg. of 
meth henylisopropylamine. 


e its low toxicity and absence of stimulant action on the central nervous 
_ system, suggest that it might be of therapeutic value for raising blood 
_ pressure, especially in cases where coun stimulation is to be avoided. 
PH. XCV. 33 
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The pressor effect of compound (11) is not “reversed’’ by doses of 


ergotoxine which reverse the effect of adrenaline. Fig. 6 shows the effect — 


of 10g. adrenaline after ergotoxine. This dose which, previous to the 
injection of ergotoxine, had produced a rise of 95 mm. now produced a 
fall of 40 mm., but 2 mg. of compound (11) still produced a rise of 60 mm., 
only slightly less than was produced by the same dose previous to 
ergotoxine. Detrick, Millikan, Modern & Thienes [1937] found that ergot- 


amine sometimes increased and sometimes diminished the pressor effect — 


of benzedrine but did not reverse it. | 

With the phenylethylamine group of compounds it was found by 
Epstein, e al. that the pressor effect of the methylenedioxy com- 
pound (3) was much greater than that of the dimethoxy compound 
(4). The same is true of the phenylisopropylamine group. Fig. 7 shows the 
effects of 1 mg. each of compounds (9) and (10). The former produced a 
very pronounced rise of pressure (a) while the pressor effect of the latter 


(b) was negligible. 
(b) Rabbits 


In rabbits, anaesthetized with ether or urethane, the rise of pressure 
produced by all compounds (8)-(11) was less than that produced by 
corresponding doses in the spinal cat. This was true even if the vagi were 


Fig. 8. Rabbit, urethane anaesthesia, record of blood pressure (upper tracing) and 
intestinal movements (lower tracing): showing (a) transient rise of pressure and 


cut, and is also characteristic of adrenaline itself, With repeated equal 
doses the pressor effects were more quickly diminished, or even replaced 
by a fall, in the rabbit than in the cat. 
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Fig. 8 shows the effect of 204g. adrenaline, which produced a rise of 
72mm. (a), and of 25 mg. compound (11), which produced a rise of 


32 mm. The effect of the latter was, however, much more lasting. 


With regard to compounds (12) and (13), the former had a slight 
pressor action in small doses (1-3 mg.), but the latter none. With larger 


/ doses (5-10 mg.) both substances produced a fall of pressure. 


| 
As the response of the uterus to sympathetic stimulation varies in 


- different species of animal, this organ —" @ convenient test for 


sympathomimetic action. 


On the isolated non-pregnant: cat’s seis all compounds (8)-(11) 
_ produced marked stimulation. Fig. 9 shows the effect of benzedrine 1 in 


% Fig. 9. Isolated uterus of non-pregnant cat: showing at B, stimulation of muscle by 


benzedrine (1 in 100,000) and at A, relaxation of muscle by adrenaline (1 in 50,000,000) ; 
at M, stimulation by compound (9) (1 in 100,000), with subsequent relaxation, at A, 
by adrenaline {1 in 25,000,000). 


100,000 (B,), which produced a rise of tone with induction of increased 


thythmic movements. Adrenaline, 1 in 50,000,000, promptly relaxed the 


uterus (A,). In the same tracing at M,, compound (9), 1 in 100,000, was 
added to the bath and produced & vigorous sustained contraction of the 
uterus. The addition of adrenaline, 1 in 25,000,000, relaxed the uterus, 
but two applications failed to abolish the rhythmic movements. Similar 
effects were obtained with compounds (10) and (11). It is evident from 
these experiments that, so far as the cat’s uterus is concerned, these 


compounds do not have a sympathomimetic action. The corresponding 


compounds of the phenylethylamine group usually inhibited the con- 
tractions of the non-pregnant cat’s uterus in low concentrations, though 
| 33—2 
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stronger solutions caused contraction even in a uterus which was in- 
hibited in the usual manner by adrenaline. | 
Therabbit’s uterus was also always stimulated by compounds (8)-(11). 
Compounds (12) and (13), on the other hand, if in strong concentra- 
tions always relaxed the uteri both of cats and rabbits. The effect was 
slower in onset than that of adrenaline and suggested a simple muscular 
depression rather than a sympathomimetic inhibition. 


INTESTINE 

The exsected intestine of the rabbit was usually stimulated by com-— 
pounds (8)-(11). Fig. 10 shows this effect produced by benzedrine (B,) 
and compound 11] (M), the concentration being 1 in 10,000 in both cases. 


_ Fig. 10. Isolated intestine of rabbit: showing stimulation of intestinal movements by 
benzedrine (1 in 10,000) at B, and by compound (11) (1 in 10,000) at M, with relaxation 
by adrenaline (1 in 10,000,000), in both cases, at A. 


Adrenaline, 1 in 10,000,000 (A), caused inhibition of the intestine after 
both compounds. Fig. 8 shows stimulation of the intestine in situ with 
compound (11) (6 in tracing) as contrasted with the inhibition produced 
by adrenaline (a in tracing). | 

Usually these compounds in low concentrations stimulated also the 
isolated intestine of the cat. In the intestine in situ, however, they all 
produced relaxation. From these experiments on the isolated uterus and 
intestine of the cat, it would seem that the phenylisopropylamine com- 
pounds have more direct stimulant action and less sympathomimetic — 
action than the corresponding phenylethylamine compounds. 

Compounds (12) and (13) relax the isolated intestine of both cat and 
rabbit. This is in accord with the effects of these compounds on other 
tissues. For example, in rabbits and cats, they both have mainly a 
depressor effect on blood pressure, weaken the contraction of the per- 
fused heart and relax the uterus as well as the intestine. All the effects are, 
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compatible with a general depressant action on involuntary 
; : muscle. The addition of the phenyl group in these compounds has, there- 
a fore, not only removed all trace of a sympathomimetic action but has 

changed the stimulant action on involuntary muscle, which is so charac- _ 
q "teristic of the other compounds, into a depressant one. 


CoNCLUSIONS 


E. The actions a some derivatives of phenylisopropylamine (benzedrine) 
_ have been investigated and compared with those of corresponding com- 
pounds of phenylethylamine, the pharmacology of which has previously 
described. 

_  _Bubject to reservations mentioned in the text, the following main 
~ conclusions can’be drawn from a study of this series of compounds: 

gs 1. With the same phenyl nucleus, the isopropylamine side-chain 
‘fenders a compound more toxic, more stimulant to the central nervous 
system and less completely ‘“‘sympathomimetic” than the corresponding 
eompound with an ethylamine side-chain. 

; 2. Whether theside-chain be ethylamine or isopropylamine, a methy]- 

enedioxy compound is more toxic, more stimulant to the central nervous 
system and more completely “sympathomimetic” a dimethoxy 
compound. 
a 3. The presence of a HO— group in the para position renders a 
compound less toxic, less stimulant to the central nervous system, but 
more completely sympathomimetic than when there is H— or CH,O— in 
this position. 

4, Many compounds of the type under consideration retain the power 
of producing the characteristic peripheral sympathomimetic actions of 
adrenaline in cats when they cease to produce these effects in rodents. 
In rabbits the augmentor-accelerator effects on the perfused heart 
are absent or inconspicuous, whereas in cats they are pronounced ; 
and in rodents the action on smooth muscle is one of general 
stimulation, independent of the effects of sympathetic stimulation, 
whereas in cats the various motor and inhibitor effects that adrenaline 
produces on the smooth muscle of different organs are more faithfully 
reproduced. 

5. In the case of dimethoxy-phenylisopropylamine, if an additional 
phenyl nucleus is introduced intothe methoxy group in either the 3 : or 4: 
position, this change renders the compound more stimulant to the central 
nervous system, but the stimulant action on smooth muscle is replaced 


by a depressant one. 
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6. Two of the compounds have properties which may prove of thera- 
peutic value, 3-Methoxy : 4-hydroxy-phenylisopropylamine has a pressor 
action much more lasting than that produced by adrenaline. It has a 
low toxicity and may be found useful for raising blood pressure in cases 
where a stimulant action on brain is undesirable. 3 : 4-Methylenedioxy- 
phenylisopropylamine is a more powerful stimulant of the central nervous 


system than phenylisopropylamine (benzedrine) in mice, rabbits and cats, 


and may prove superior to the latter in this respect also in man. 


We gratefully record our indebtedness to Prof. R. Robinson for supplying us with the 
compounds used in these experiments. 
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THE EFFECT OF PITUITARY (POSTERIOR LOBE) 
EXTRACT ON THE BODY WATER 
OF FISH AND REPTILES. 
By ELDON M. BOYD anv MALCOLM DINGWALL, Jr. 
From the Department of Pharmacology, Queen’s University, 
Kingston, Canada 


(Received 29 December 1938) 


In recent publications from this laboratory [Boyd & Brown, 1938; Boyd 


& Whyte, 1938, 1939; Boyd & Smith, 1938] it has been found that 
pituitrin causes a retention of water in the body of frogs. Steggerda 
[1937] demonstrated that other amphibia gave a similar reaction. The 
experiments described below were designed to investigate the possibilities 
of a corresponding reaction in the subphyla adjacent to amphibia, 
namely fishes and reptiles. 


EXPERIMENTS ON FISH 

The species of fish studied included shiners (Notropis cornutus 
(Mitchill)), catfish (Ictaluras lacustris (Walbaum)), perch (Perca flavescens 
(Mitchill)), sunfish (Zupomatis gibbosus (Linnaeus)) and rock bass 
(Ambloplites rwpestris (Rafinesque)). These were obtained in the spring 
and summer months from their natural habitat in Lake Ontario and the 
Cataraqui and St- Lawrence Rivers and the species identified by Mr G. C. 
Toner, who has made an extensive study of the fish in the waters of this 
district [Toner, 1937, 1938]. The fish were kept in aquaria with aerated, 


cold, running water and fed with minced meat; experiments on any one > 


group of fish were completed within at least 3 weeks after their capture. 

The general procedure consisted in attempting to measure changes in 
the body water of fish by noting any change in their weight over a short 
period of time during which any such change in weight could be con- 
sidered as change in body water. In weighing the fish, the operator first 
moistened his hands to avoid removing the protective slime which covers 
the fish and is their first defence chiefly against fungus infection. The 
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fish was lifted from its aquarium, placed in a 41. beaker containing 
sufficient water to cover it and the whole was weighed on a trip 
scale balance to the nearest 0-1 g. The fish was then lifted just above the 
water and held within the beaker until excess water had been thrown or 
drained off, after which it was placed in its aquarium and the beaker and 
water weighed. The difference in weight gave the weight of the fish, With 
experience and practice, a uniform procedure of weighing was worked 
out which yielded data of sufficient accuracy. For example, in fifty-six 
consecutive weighings on ten shiners and rock bass, the value of Pearson’s 
coefficient of variation [Davenport & Ekas, 1936] per mean weight of 
each fish varied from 0-8 to 2:3 with an average coefficient of 1-2. 
Pituitrin was injected intraperitoneally through the ventral belly wall 
in amounts corresponding to those effective in frogs, ie. from 0-5 to 
2-0 1.u. per 10 g. body weight. In a total of seventy-three experiments in 
which the fish were weighed every } hr. or at longer intervals up to 48 hr. 
it was impossible to demonstrate that pituitrin had any effect upon the 
total water content of the body of these fish. These results, in conjunction 


_ with those of Burgess, Harvey & Marshall [1933], who found that pitui- 


tary extracts did not affect the volume of the urine in the catfish (number 
of experiments not stated), would suggest that the neurohypophysis may 
not exercise much control over the body water of fish. 

However, the pituitary gland of the same fish contained a substance 
which produced the same effect as pituitrin when injected into frogs in 
water, i.e. it produced an uptake of water [Boyd & Brown, 1938]. Acetic 
acid extracts of fish pituitaries were made by the method described in 
The British Pharmacopoeia, 1932. A total of twenty-four experiments 
invariably showed the presence in such extracts of a water-balance 
principle as effective in frogs as similar extracts prepared from fresh 
human, beef, guinea-pig or cockerel hypophyses, which latter extracts 
were made for comparative purposes. The fish hypophysis thus contains a 
water-balance principle, but up to the present time its control, if any, 
over the water metabolism of fish themselves has not been demonstrated. 


EXPERIMENTS ON REPTILES 


Similar experiments were performed upon the following reptiles: 
thirty painted terrapins (Chrysemys picta), two common snapping turtles 
(Chelydra serpentina), two water snakes (Zamenis constrictor) and six 
young alligators (Alligator mississippiensis). All these reptiles were 
obtained from their natural habitat in Eastern Ontario, except the alli- 
gators which were secured from an alligator farm. / 


é 


aS 

om 
tory 
Hi 
* 
2 
~ 
3 
Ad 
+ 
4 
ts 
a 
2 

q 

3 

5 

ATS 
A 
3 ° OE 


PITUITARY AND BODY WATER 503 


Doses of pituitrin varying from 0-02 to 2-0 1.v. per 10 g. body weight 
were injected subcutaneously into the terrapins and a total of 127 such 
injections were made, including the controls which received an equivalent 
volume of 0:25 %/, acetic acid. The animals were kept in tap water in 
aquaria and dried and weighed every 2 hr: or at longer intervals. Doses of 


12 24 % 60 
Hours after injection 


Fig. 1, Mean percentage changes in weight of ten terrapins in water and injected with 
2-0 .v. of pituitrin per 10 g. body weight as compared with ten uninjected controls. 


pituitrin less than 0:5 unit seldom, and doses less than 0-1 unit never, 
had any significant effect upon the body water of these animals. Larger 
doses produced a gain in weight, presumably due to uptake of water, 
which in every instance reached a maximum at 6-24 hr. after injection 
and the extra water was slowly lost during the subsequent 2 or 3 days. 
A typical experiment is illustrated in Fig. 1, in which are plotted the 
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mean percentage changes in weight of ten terrapins receiving pituitrin 
and ten controls. The effect of pituitrin was calculated to be statistically 
significant; e.g. at 24 hr. the mean difference between injected terrapins 
and controls was 2°83 % change in weight and the standard deviation of 
the mean difference was 0°91 %, which is indicative of a statistically 
significant difference [Davenport & Ekas, 1936]. Fewer experiments were 
performed on the snapping turtles, snakes and alligators, but the results 
were essentially similar to those obtained with the terrapins. 

The response of these reptiles to pituitrin differed from that of frogs 
in that the uptake of water was relatively less, was more gradual in 
occurrence and was maintained for a longer period of time. Boyd & 
Whyte [1939] explained the results in frogs by showing that these am- 
phibia could take up and lose normally about 5 % of their weight of water 
per hour (this was with frogs not in the hibernating season). Pituitrin 

was shown simply to inhibit the normal loss of water per hour for a 
_ period of 3 hr. and as a result the frogs gained about 15 % of their weight 
of water in this time. | 

Terrapins, on the other hand, were found to take up and lose much less 
water per hour. Those familiar with the habits of these animals will recall 
that if frogs are left without water over night in a warm, dry room, they 
will be found dried out and dead the next morning. Turtles may be kept 
for weeks, even months, without water before they die from dehydration. 
Weighing ten terrapins every 2-6 hr. after removal from water and drying 
the surface, it was found that they lost 3-7 % of their weight of water the 
first 24 hr., most of this occurring in the first 12 hr. They were then dipped 
in water, dried and weighed to determine how much surface water could 
not be removed by draining and wiping with a cloth, and they gained 
0-5 % of their weight by this step. Replaced in water, they took up 
1-58 % of their weight (corrected) of water in 3 hr., 1-95 in 6 hr., 2°66 in 
9 hr., 3-10 in 14 hr. and 3-35 in 24 hr. The evidence suggests that terrapins 
in water are capable of taking up and losing about 3 % of their weight 
of water per 24 hr. 

This is precisely the greatest amount of water which pituitrin caused 
to be taken up and retained in these terrapins. Could it be shown, thus, 
that pituitrin inhibits loss of water by terrapins, then the uptake of water 
might be explained on the basis of the same mechanism as in frogs. 
Twenty terrapins were taken out of water and dried; half of them were 
injected with 0-5 unit pituitrin per 10g. body weight and half unin- 
jected. The loss of water per hour was inhibited by pituitrin for a period 
of 6 hr., the rate of loss being 57 % greater in the uninjected controls in 
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‘the first 2 hr., 37 % greater in the next 2 hr., 10 % greater in the 4th to 


6th hr. and identical from then on. Pituitrin therefore inhibited loss of 
water in terrapins for a period of 6hr. It is during this interval that 
pituitrin causes the greatest uptake of water by terrapins in water (Fig. 1). 
The latter uptake of water would appear to be largely, if not entirely, 
due to an inhibition of the normal water loss with probably little or no 
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Fig. 2. The effect of simultaneous injection of pituitrin (P) and repeated administration of 
water (W) on the retention of extra water in terrapins. 


effect on the normal intake. The results indicate that reptiles behave like 
amphibia in the response of the total body water to pituitrin injection, the 
difference in response being quantitative rather than qualitative. 

In support of this conclusion, there was one further point which 
appeared to require establishment. It had been found that pituitrin 
inhibite the loss of normal body water over a period of 6 hr. But pituitrin- 
injected terrapins in water take up extra water during this interval; can 
pituitrin inhibit the loss of extra water as well as normal body water? 
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Extra water was added to the body of a total of forty-four terrapins by 
stomach tube in groups of six, giving at one time 2 % of the body weight 
of water and then in rotation adding another 2 % until a total of 6-10 % 
had been given. A water diuresis did not usually become marked until 
after the terrapins had received 6 % of their weight of distilled water but 
not more than 2 % could be held at any one time by the stomach. It 
required 2-8 hr. to administer 10 % of distilled water and weigh the 
animals regularly every } hr. or so. When pituitrin was injected at the 
- same time as water administration was begun, it invariably inhibited the 
loss of added body water. A representative experiment with three terra- . 
pins receiving 0-5 unit pituitrin per 10g. and three controls, all 
receiving a total of 10 % of their weight of administered water in five 
doses, is shown in Fig. 2. In other experiments the control animals lost 
water so rapidly during the period in which water was being administered 
in successive doses, that it was impossible to get their weight increased by | 
more than 5 or 6 %, while the pituitrin-injected animals would regularly 
increase in weight to about 8-9 %. These results prove that pituitrin can 
inhibit the loss of extra water as well as the normal body water of terra- 


When the alligators were given water by mouth, intraperitoneal — 
injections of pituitrin inhibited the loss of water in doses of 0-001 1.0. 
per 10g. body weight, had little effect at 0-005 unit and stimulated — 
loss of water at higher doses up to 2 units. Burgess et al. [1933] recorded 
an anti-diuretic effect of pituitrin on the water diuresis of alligators using 
up to 0-01 pressor unit per 10g. A stimulation of water loss following 
administration of water with large doses of pituitrin was found in birds — 
and mammals by Boyd, Garand & Livesey [1939]. ae 


SuMMARY 

Pituitrin, in doses from 0-5 to 2-0 1.u. per 10 g. body weight, injected 
into five species of freshwater fish, had no effect on the body content of 
water. Fish hypophyses contained a substance which produced water 
retention when extracted and injected into frogs. : 

Pituitrin injected into four species of reptiles produced an increase in 
body water due to an inhibition of the normal water loss with probably 
little or no effect on the water intake. Very large doses of pituitrin 

imulated water elimination in alligators to which water had been ad- 


This work was aided financially by a grant from the Banting Research Foundation. | 
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THE EFFECT OF LOW-PORPHYRIN DIET ON 
ERYTHROPOIESIS AND HAEMOGLOBIN 
REGENERATION 


By NOEL FEREDAY KIRKMAN 
From the Department of Physiology, University of Liverpool 
(Recewed 16 January 1939) 


A DEFICIENT iron intake has long been known to reduce the amount of 
haemoglobin in red blood cells of animals, whereas the effect of a dimin- 
ished porphyrin intake is a matter of controversy. Drehmann [1930] and 
Patek [1936] both suggest that herbivora such as rabbits and oxen 
utilize chlorophyll as a source of porphyrin for haemoglobin formation, 
but Marchlewski & Urbanczyk [1933] deny this. Drehmann maintains 
that man must ingest large amounts of green stuff in order to absorb 
very small amounts of chlorophyll. Patek states that the early results of 


— using chlorophyll preparations in both clinical and experimental work are © 


confusing because some workers used unwittingly very small quantities 


of chlorophyll. Buergi [1932] has put forward the same suggestion. 


In view of these differences of opinion it was decided to carry out 
further experiments to determine whether chlorophyll could be used by 
herbivora and carnivora for haemoglobin formation. 

Rabbits were used as the herbivorous animals because chlorophyll in 
green stuffs, which forms their chief porphyrin supply, can be excluded 
from their diet. The effect of the diet alone and the effect of haemorrhage 
while on the diet were observed. As a contrast to the herbivora cats were 
used in a later series of experiments. . 


METHODS 
Rabbits were placed on an artificial, low-porphyrin diet after a con- 


oo on a stock diet of bran and oats, 200 g. and cabbage 250 g. 
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PORPHYRINS AND HAEMOGLOBIN FORMATION 509 
The artificial diet consisted of: 


The white-paper foil was similar to that used for wrappings in choco- 
late boxes. 
The salt mixture consisted of: 


The constituents of the diet. were mixed thoroughly and put through 
a mincing machine. The diet was stored in a refrigerator and not cooked. 
Hach day a solution of 130 mg. iron ammonium citrate was given by 
means of a pipette. 

The vitamins of the diet were supplemented by giving 20 g. carrots 
on alternate days to provide vitamin B, and B, and 4 c.c. orange juice 
daily to provide vitamin C. As the diet contained a small amount of 


butter no further supply.of vitamins A and D was considered necessary. 


The artificial and bran diets were subjected to Fischer's [1926] acetic 
acid-ether method of extraction for porphyrins. The extracts were ex- 
amined spectroscopically.-No chlorophyll or other porphyrin was found 
in the artificial diet, but it was present in quantity in the bran diet. 
Carotene was found in the artificial diet. 

The low-porphyrin diet for cats consisted of milk. Rogers [1935] does 
not describe any porphyrin amongst the milk pigments, nor could any be 
found by acetic acid-ether extraction. Full cream milk was given, 
350 ¢.c. daily, or more if this was finished before night. 

Vitamins were administered in the form of 1-0c.c. cod-liver oil for 
A and D, 4-0 c.c. orange juice for C and 100g. aneurin in distilled water 
for B,, B, being present as lactoflavine in milk. The cats also received 
7 mg. iron daily in the form of 130 mg. iron ammonium citrate. These 
solutions were given by means of a calibrated pipette. 

Haemoglobin was estimated with a Klett colorimeter using a New- 
comer plate as a standard, 20 c.mm. of blood being taken from the central 
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artery to the ear. In both rabbits and cats arterial blood was found to 
give less variable results than venous blood. Red blood cells were 
enumerated by the Thoma haemocytometer, arterial blood again being 
used. Estimations were made once a week in dietetic experiments until 
anaemia was observed, then once every 3 days. In the bleeding experi- 
‘ments they were carried out on alternate days. 

Blood was removed by venesection from the marginal vein of the 
rabbit’s ear, 10-20c.c. being taken off daily until the haemoglobin 


content of the blood was reduced by at least 1/3 of its normal concentra- _ 


tion. The cats were lightly anaesthetized with ether, and blood was taken 
from a femoral vein with aseptic precautions, 30-40 c.c. being removed 


on alternate days until the haemoglobin level was reduced to approxi- 


mately 1/2 the normal. | 
Four series of experiments were performed, two series with the rabbits 
and two with the cats. Rabbits were placed on the artificial diet and some 
became anaemic. These were given chlorophyll (see below) to provide 
porphyrin, and they all recovered. Rabbits which did not develop anaemia 
on the artificial diet were bled and the rate of recovery of their haemoglobin 
and red blood cells was studied with and without the aid of chlorophyll. 
The cats were treated similarly, but no anaemia occurred when they 


were placed on a low-porphyrin diet. The rate of regeneration of their 


haemoglobin and red blood cells after bleeding was noted. 

The chlorophyll solution used was water-soluble chlorophyll (British 
_ Drug Houses). This substance was found spectroscopically to be a chloro- 
phyll derivative, to contain magnesium and to give a spectrum closely 
_ related to the combined spectra of isochlorophyllin a and b. One c.c. of 
the solution contained 0-5 g. total solids. | 


RESULTS 

Fourteen rabbits were placed on the artificial diet for 3 months. Five 
(36 %) became anaemic. The average normal haemoglobin level of 
105 g. per 100 c.c. fell to 7-1 g. Red blood cells fell from 5,200,000 to 
3,650,000 per c.mm. in approximately 100 days. These are all average 
figures. The majority of the rabbits (64 %) did not become anaemic but 

remained healthy and maintained their weight. 
_ The anaemic rabbits were given 1-0 c.c. water-soluble chlorophyll. 


These animals required 28-32 days to recover their haemoglobin and red 


blood cells (Fig. 1). 
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Days after haemorrhage 


. 2. The effect of haemorrhage on rabbits on the low-porphyrin diet. - - - Rabbits 
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figures show the range of values for each group. ———- Rabbits remaining normal. 


---— Rabbits developing anaemia. 


. 1. Rabbits on the low-porphyrin diet. The vertical lines in this and subsequent 


receiving chlorophyll. —— Rabbits not receiving chlorophyll. 
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Haemorrhage experiments with rabbits 

Rabbits on the artificial diet were bled and given chlorophyll. Control 
animals on the same diet were also bled and not given chlorophyll. Fig. 2 
shows the results of these experiments. The first group of animals took 
14 days to recover their haemoglobin and 15 days for their red blood cells. 
The second group took 23 and 20 days respectively. Rabbits on the stock 
diet were bled as well; it was found that they took an average of 13 days 
to recover their haemoglobin and 10 days to recover their red blood cells. 


Cat experiments 

Five cats were placed on the low-porphyrin diet but n no’ anaemia was 
observed in any animal unless bled. Several animals were kept for 
periods of 60-90 days on the diet. They remained in good health with 
very little variation in their weight and blood constituents. 

For the haemorrhage experiments three cats on the low-porphyrin 
diet were bled and it was found that their red blood cells and haemo- 
globin took 32 days to recover. One c.c. of: water-soluble chlorophyll 
daily by mouth caused no acceleration in this rate. Cats on the normal 
stock diet when treated similarly took 14 days to regenerate their 
haemoglobin and 13 days for their red blood cells (Figs. 3 and 4). 


Discussron 


From the results of the rabbit experiments it can be seen that with- 
holding porphyrins from their diet caused anaemia in 36 % of the animals. 


The majority, 64 %, lived and thrived on the same diet without becoming 
‘anaemic. The rabbits developing anaemia did so during the summer 


when white turnips replaced the rutabaga in the diet, as the latter was 
out of season. The possibility of this change being responsible for the 
anaemia has been borne in mind, but so far no evidence for it can be 
found. It was also thought that there might be some seasonal change in 
the blood picture of rabbits on normal stock diet, but no changes were 
discovered. 

The results indicate that chlorophyll aided blood regeneration in 
those rabbits in which dietetic anaemia was induced. It was concluded 
that this supplied the porphyrin deficiency in their diet. Chlorophyll 
also shortened the recovery period after haemorrhage, ade rabbits were 
placed on the artificial diet. 

Now if porphyrin intake were essential for blood formation in rabbits 
in order to furnish the haem for their haemoglobin no regeneration would 
have occurred without it and its absence should have produced anaemia 
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in each case. Porphyrin-lack has thus not the same consistent effect as 
a deficiency of iron [Myers & Beard, 1931; Whitby & Britton, 1937; 
Davidson, Fullerton, Howie, Croll, Orr & Godden, 1933]. 


Days after haemorrhage 


ie Fig. 3. The effect of haemorrhage on the haemoglobin level of cats on a low-porphyrin diet. 


—— Cats on low-porphyrin diet. --- Cats on low-porphyrin diet + chlorophyll. 
Cats on stock diet. 


Normal av. 
blood 


. 


20 30 40 

Days after haemorrhage 
Fig. 4. The effect of haemorrhage on the red blood cells of cats on a low-porphyrin diet. 
-:+. Stock diet. ——- Low-porphyrin diet. --- Low-porphyrin diet + chlorophyll. 


The problem is however by no means simple. It can be shown 


ee _ chemically that the quantity of porphyrin required daily is only 10 mg. 


The average blood volume of a rabbit is 120 c.c. and this contains about 
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12 g. haemoglobin. Reckoning the average life of a red blood corpuscle 
to be 30 days, a rabbit must produce 12/30=0-4 g. haemoglobin daily. 
Since haem forms 4% of the haemoglobin molecule, 10 mg. haem is 
produced each day. | 
It may be that rabbits have a store of porphyrin on which they can 
draw for a long time when porphyrins are excluded from their diet. This 


may account for the fact that only 36 % of the rabbits on the artificial 


diet became anaemic, possibly the porphyrin store of the rest was not 
exhausted. On the other hand it may be that porphyrins are not stored 
but formed freshly from pyrroles derived from cyclic amino-acids pro- 
duced as decomposition products of diet and tissue protein as Rimington 
[1936] suggests. This would account for the fact that all the rabbits on 
the artificial diet when bled recovered their normal red blood cells and 
haemoglobin whether given chlorophyll or not. Extra porphyrin can 
undoubtedly be utilized as is shown by their accelerated recovery when 
chlorophyll is given. 

As will be seen from the experiments on cats, deprivation of por- 
phyrin only affected the rate of production of haemoglobin after haemorr- 
hage. It may be that a cat in this condition utilizes the porphyrin of 
its diet, as the animals on a full stock diet regenerated their haemoglobin 
more quickly. Aetioporphyrin was thought to be the most suitable 
porphyrin to give, but unfortunately was not available at the time of the 
experiments. It is hoped to remedy this omission. Chlorophyll was tried 
but was found to have no effect, which is probably due to the inability of 
the cat to digest it. 

It appears therefore that porphyrin derivatives are useful aids in the 
synthesis of haemoglobin but are not essential. It seems that haem is 
synthesized (a) from pyrroles freshly formed in the body from amino- 
acids, and (6) from preformed pyrroles derived from other sources such as __ 
animal tissues and green stuffs. Possibly there is a varying utilization of 
these two types of pyrroles in different species and in different animals of 
the same species, but most of an animal’s total haemoglobin is synthe- 
sized from the former type of pyrrole. 


SuMMARY 


1, Rabbits were fed on a low-porphyrin diet. A minority (36 %) 
became anaemic after 3 months. They regenerated their haemoglobin and 
red blood cells in 31 days when given chlorophyll. The majority (64 °%) 
did not become anaemic on this diet. | 
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2. After haemorrhage, rabbits on the low-porphyrin diet recovered 
_ their haemoglobin and red blood cells in 14 days when chlorophyll was 
_ given, and in 23 days without chlorophyll. When the rabbits on a stock 
__ diet were bled recovery took 13 days. 

3. Cats on a low-porphyrin diet were bled. They took 32 days to 
_ regain their haemoglobin and red blood cells with the aid of chlorophyll 
and 33 days without it. 
Es _ 4. These results and their bearing on haemoglobin metabolism are 
: 5. It in suggested that the rabbit can utilize preformed pyrroles and 
also manufacture them. 


I wish to thank Prof. H. E. Roaf for his interest and help in this work, Dr R. A. Morton 
examinations, and Dr 0. Brunton and Dr J. V. Loach 
for much helpful criticism. 
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GLAND OF RATS 
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THE porter of endemic goitre is still incompletely understood. Répin 


[1908] and later Pfaundler [1924] suggested that the radioactivity of the 
soil, water and air might be a causal factor. Hesse [1913] objected that, 


while many areas with endemic goitre did show a high radioactivity of 


the water, in many goitre areas the activity of the water was as low as 


that in areas where goitre was not prevalent; that many areas where the 


radioactivity of the water was high were well known to be goitre-free; 
that persons drinking radioactive water for therapeutic purposes never 
developed goitre; and that laboratory workers dealing with radium or its 


products likewise never developed goitre. Répin later abandoned the 


theory. Poullson [1914] and more recently Gleditsch [1936], working in 
Norway, found no correlation between radioactivity and goitre incidence. 
Thomas & Bruner [1933] injected RaCl, into rats in doses which caused 
progressive anaemia and leucopenia. The rats died in from 6 to 8 months 
and no abnormalities were found in the thyroid gland. 

Recent work has, however, revived the original theory of Répin and 
Pfaundler. Lang [1932, 1933, 1934 a, 1935, 1938] found that there was a 
general correlation between the radioactivity of the soil in various parts 
of Bavaria and the incidence of endemic goitre. Pighini & Riilke [1935] 
compared the radioactivity of the air and water in non-goitre and goitre 
areas and found that it was much higher in areas with a high goitre 
incidence. 

Recent work with experimental animals has tended to confirm these 
field observations. Cerletti [1935] found that when rats were transported 
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from @ non-goitre area to a goitre area their thyroids enlarged, even if 
they were fed on food from the non-goitre area. But if they were kept in 
iron cages with walls 3 ram. thick, the incidence of thyroid enlargement was 
much smaller. Lang, Marchesa and Pighini have performed experiments 
along similar lines. Lang [1934 6] used rats bred in a non-goitre area; on 
being removed to a goitre area, but given food grown and prepared in 
the original area, 33% of the animals developed thyroid enlargement in 
3 months. The glands showed histologically lessened colloid, columnar 


cells and mitotic figures. He also found [1938] that thyroid enlargement 


could be induced by the administration of a radium preparation. 
Marchesa [1935] found with rats and mice, but not with guinea-pigs, 

that water from a goitre area produced thyroid enlargement when given 

to the animals in a non-goitre area. After standing for a week, the water 


_ became inactive. Pighini [1936] took rats from a non-goitre area to one 


where the incidence was high. Their food was brought from the original 
locality. He found that the thyroids enlarged at first but later receded, 
and after 6 months became normal once more. In further experiments 
[1935, 1937 6], guinea-pigs, rabbits, pigeons and rats were given water 
containing radon of conc. 250 Mache units.1 Thyroid enlargement oc- 
curred in all and in the guinea-pigs and rabbits the coat became dry and 
the fur fell out. The thyroids showed at first hypertrophic changes, with 


_ lessened or no colloid in the follicles, columnar epithelium and mitotic 


figures. Later the epithelium either degenerated or the gland appeared 
at first normal and then the follicles became dilated with colloid. Pighini 
attributed these changes to stimulation from the pituitary, since hyper- 
trophic changes were also found in other endocrine organs [1937 a]. In 
all cases the thyroid changes were completely prevented by the simul- 
taneous administration of iodine (50 yg. daily); while the action of the 


_ radioactive water was enhanced by reducing the iodine intake in the food 


to a minimum. 

In view of this evidence, it appeared worth while to investigate the 
action of radioactive substances further. Two experiments were carried 
out in which rats were given various radioactive solutions; in the first 
experiment, the iodine content of the diet was low but adequate; in the 
second, the iodine content of the diet was abnormally low and induced 
marked changes in the iodine content and histological appearance of the 


thyroid gland. 


2 The Mache unit, as originally defined, and as we have employed it, is a unit of conc. 
1 Mv. indicating 3-64 x 10- millicuries of radon per 1. of solvent (or air); some workers 
have used it as a unit of quantity equal to 3-64 x 10~’ millicuries. 
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METHODS 


Rats. These were bred from stock animals; they were either Wistar 
albino rats or hooded animals. Litters over eight in number were reduced 
to that figure at birth and they were weaned at 21 or 23 days. — 

Diet. Two diets were employed. In the first experiment the standard 
ration used at the Rowett Institute (Thomson, 1936] was modified by 
leaving out the ingredients with a high content of iodine; as is the custom 
there, the diet was finely ground and cubed and fed as $ in. cubes. The 
iodine content was 12 yg./100 g. dry weight. In the second experiment, 
a low-iodine diet, modified from that of Remington [1937], was employed. 
This had the following composition: : 

Yellow corn meal 80 
Ashless casein 16 


The iodine content was from 2 to 3 yg./100 g. dry weight. This diet was 
fed moistened with water so as to form a thick paste. In both experi- 
ments the animals got distilled water ad lib. 

Housing. In the first experiment the rats were kept in the main rat 
house; they were housed in cages holding three or four animals. In the 
second experiment it was necessary, in order to avoid contamination of 
the low-iodine diet, to keep the rats in a special house. The stock animals 
from which the experimental rats were bred were put into the special 


house after mating and were given the low-iodine diet, being returned to — 
the main rat house after the young had been weaned. Special workers 


who did not go into the main rat house were detailed to look after these 
animals. The housing was otherwise similar to that of the first experiment. 

Radioactive solutions. Two different types of radioactive material were 
administered: radon at various concentrations, dissolved in water or oil, 
and RaBr, in water. In all cases the rats were given 0-25 c.c. of solution 
daily by pipette. Watery solutions had cane sugar added to make them 
more palatable. The stock radon solution in water was prepared at a high 
concentration ; some was taken each day and diluted before use, a special 
seale for dilutions being used to make allowance for the decay of the 
radon, until on the 15th day the stock solution was replaced by freshly 
prepared material. The apparatus used for storing and diluting the stock 
_ Solution was so devised that no appreciable leakage of radon occurred; 
this was checked by fontactometer measurements of the radon content 
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__ of the weak solution discarded on the 15th day, which gave results in 
agreement with the calculated content. The solution in oil was of ex- 
tremely high concentration and no attempt was made to correct for the 
deterioration of the radon; it was renewed every week. The RaBr, was _ 
administered in watery solution. 

Examination of the rats. Except in the initial stages of the first experi- 
ment, two males and two females were killed for examination monthly 
after weaning up to 5 months. The animals were starved for 24 hr. before 
being killed, since recent feeding has been shown to increase the activity 
_ of the gland [Hason, 1927; Mason, 1938]. The thyroid glands were dis- 
_ sected out and weighed. One lobe was examined histologically and the 
___ iodine content of the other was estimated, using Harvey’s method [1935]. 

For microscopic examination the sections were stained with haema- 
_  toxylin and either eosin or Laqueur’s compound stain. In a few cases 
_ B.MR. determinations were also made. ee 


RESULTS 


First experiment. In this theiodine content of the diet was 12 wg./100 g. 
dry weight. The following groups of animals were investigated: 
(1) Control animals getting the diet only. 
(2) Animals bred from stock getting radon solution of conc. 10,000 


M.U. daily. 
& (3) Animals bred from (2) getting radon solution of conc. 10,000 m.v. 
daily, 
a (4) Animals bred from (2) getting radon solution of conc. 50,000 m.u. 
“daily. | 
(5) Animals bred from stock getting radon solution of conc. 8,000,000 
M.U. in oil daily. 


(6) Animals bred from stock getting 2 x 10-* mg. RaBr, daily. 
=! (7) Animals bred. from (6) getting 2 x 10-* mg. RaBr, daily. 
. In none of the experimental groups was any change in the thyroid 


% - gland observed. The findings with control animals and with group 7 are 


shown in Table I. Although the number of animals used was small, these 
results, typical of those obtained in all groups, show quite clearly that 
- neither radon nor RaBr, had any effect upon either the weight or iodine 
content of the thyroid; nor was any change in the histological appearance 
found. The growth rate of all groups save that of group 7 was within the 
limits of that of normal rats on stock diet. The group 7 rats grew abnor- 
mally slowly. The rats in all groups were healthy and the death rate was 


negligible. 
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Tasix I, Average of two rate 


Months 
after Body Thyroid 
weaning Sex wt. g. wt. mg. 
First experiment. Jodine content of diet 12 pg./100 g. 


Controls 1 M. 132 22-2 

87 19-4 
222 33-0 
155 ‘25-8 


“| 


258 27°6 
184 20-0 
256 21:8 
180 20°38 


264 24-0 
248 31-0 
~ 90 9-9 
81 9-2 
169 15°3 
131 12-2 


201 20°5 
138 19-6 


226 16-1 0-074 
158 16-5 0-088 


2330 0-043 
156 143 0-053 
Second experiment. Iodine content of diet 2-8 g./100 g. 
Controls og 19-2 0-002 
0-002 
0-002 


2 
3 
4 


RaBr, ( x 0-* mg. 
daily) 


88 88 EE 22 


2 
3 
5 


99 
él 
165 420 

120 (0-001 
221 480 

298 100.0 
304686 

106 

91 

153 88-2 

121 (868 


0-002 
0-001 
0-001 
0-001 
143 26-6 0-003 
153 28-0 0-001 
0-002 
0-003 
Trace 
Lost 


2 
3 
4 
5 


— 


Animals 
RaBr, mg. 
daily) 


175 52:3 
126 
189 34-9 
145 22-7 


Second experiment. In this the iodine content of the diet was 2-3 yg./ 
100 g. dry weight. The following groups of animals were investigated : 
(1) Controls on the diet only. | 
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(2) Animals bred from stock getting radon solution of conc. 50,000 


daily. 

(3) and (4). Two separate groups of animals bred from (2) getting 
radon solution of conc. 50,000 m.v. daily. 

(5) Animals bred from stock getting 2 x 10-* mg. of RaBr, daily. 

As in the first experiment, no differences were noted between the 
control group and groups 2, 3 and 4 in the weight, iodine content or 
histology of the thyroid gland. In all cases the iodine content was very 
low. Results of the rats receiving RaBr, are shown in Table I; in this 
group the thyroid weight tended to be lower than in the control animals, 
but no difference was observed in the histology or iodine content of the 
gland. The mortality rate was low in all groups but, owing to the many 
deficiencies in the diet, the animals were all in poor condition and several 
showed rickets and malcalcified teeth. This accounts for the poor growth 
rate, which was below normal in all groups; the difference between the 


rats getting RaBr, and the controls was much less marked than in the ~ 
first experiment, only the males in group 5 growing less well than the 


control males. Determinations of the B.M.R. were undertaken in various 
groups but no differences were detected. It will be noted that the low- 
iodine diet had a striking effect upon the iodine content of the thyroid 
gland. Histologically the glands in all groups appeared very active, 
showing hyperplasia and many mitotic figures. A comparison of the 


findings from the first and second experiments shows that the animals — 


on the low-iodine diet tended to have larger thyroids. These findings with 
low-iodine diets have also been recorded by Remington and his co-workers 


[Levine, Remington & Kolnitz, 1933; Remington & Levine, 1936; | 


Remington, 1937]. The influence of low-iodine diets upon the thyroid 
gland is now being investigated further, using a diet which is less deficient 
in other respects. 
Retention of radioactive products in the body 

The whole carcasses of various animals were ashed after the thyroids 
had been removed and the radioactivity of the ash was determined by 
means of an «-ray ionization chamber of sensitivity adequate to detect 
ionization due to 10 «-particles per sec. Animals getting radon of conc. 
10,000 m.v. daily in the first experiment were examined after 3 months’ 
treatment; and animals getting radon of conc. 50,000 a.v. daily in the 
second experiment were examined after 5 months’ treatment. In both 
series the radioactivity of the ash was found not to be significantly greater 
than that of the ash of the control animals. This would be anticipated on 
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general grounds, assuming that results on retention of radioactive sub- 
stances in man [Fernau & Smereker, 1933] may be applied to rats. Radon 
ingested in solution in water was found by these workers to be lost, 
mainly in the expired air, within 4 hr., and so the radium D produced in 
the body would be only that arising from the radon which disrupted 
during these 4 hr. In the case of the rats in our first experiment, 4 x 10-’ 
mc. would so disrupt during the 150 days of the experiment; the resulting 
radium D, if wholly retained, would give only one a-particle per 10 sec. 
In a recent short note, Behounek & Novak [1937] stated that the time 
for elimination of radon by rats was 30 min., and therefore this estimate 
is probably too large. 

The animals of both groups in the first experiment getting RaBr, were 
examined after 5 months’ treatment. The results obtained were very 
variable, some animals showing activity indistinguishable from that of the 
controls (0-7 x 10-" g. Ra/g. ash), while some showed an activity as high 
as 8x 10-" g. Ra/g. ash; the highest percentage retention was 0-15. In 
man, the retention is stated to be considerably higher (0-5 to 1:0%, 
Rajewski, 1936); Thomas & Bruner [1933] found that the rate of elimina- 
tion of injected RaCl, in rats was 20 times as high as in man. In view of 
our variable findings, the retention and lethal dose of RaBr, in rats will 
be further investigated by one of us (H.D.G.). 


Discussion 
In the experiments quoted, Pighini [1935, 1937 a] used water of 
concentration 250 m.v. of radon, but he gave very few details of thé tech- 
nique adopted. It was decided to use in the first experiment an equivalent 
amount of radon but with the dosage completely controlled. On the 
assumption that a rat drinks 10 c.c. of water daily, the rats in the first 


_ group of the first experiment were given by pipette 0-25 c.c./day of water 


containing 10,000 m.v., an intake equivalent to that used by Pighini. 

Since this had no effect upon the thyroid gland, the concentration of 
radon water administered was increased to 50,000 m.v. a day and finally 
to about 8,000,000. The high dose was given in olive oil since radon is 
much more soluble in this medium. This high intake of radon proved to 
be without effect. RaBr,, in a dosage estimated to cause detectable 
pcr but not to cause early death, was then used, again with no 
result. | 

It was then felt that possibly the gland should be subjected to a 
strain such as would be caused by greatly restricting the iodine intake, 
especially since Pighini stated that this enhanced the action of the radon. 
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The second experiment was undertaken to investigate this. As the results 
show, even when the thyroid gland was rendered grossly abnormal, 
radioactive compounds were still without any goitrogenic action. 

The experiments were carried out over the whole growing period of 
the rats’ lives and, in several of the groups, the parents also were re- 
ceiving radioactive compounds, so that the effect of these substances 
would commence im utero. While the conditions in these experiments 
might differ somewhat from what occurs naturally, there is sufficient 
resemblance forthe conclusion to be drawn that it is extremely improbable 
that radioactive substances have any influence upon the thyroid gland. 
This conclusion is supported by the findings of Thomas & Bruner [1933], 
who injected from 100 to 200 times the dosage of Ra employed in the 
present paper and found the thyroid glands completely unchanged. 

It is somewhat significant that the histological changes in the thyroid 
gland observed in all groups in the second experiment were not unlike 
those obtained by Pighini and by Lang in their rat-feeding experiments. 
These authors give no analytical data for the iodine content of the food 
or of the gland itself, but in spite of the rigid care they exercised in the 
preparation of the food their results would be more convincing had they 
made certain that the iodine intake was adequate, especially since 
Pighini found that iodine supplements sufficed to prevent the ‘thyroid 
enlargement. 


SuMMARY 


1. Rats failed to develop any thyroid enlargement when given various 


radioactive substances, either when the iodine intake was adequate, or 
when it was abnormally low. 

2. It is considered that radioactive substances aave no influence 
upon the thyroid gland. 

3. When the iodine intake was severely restricted, the iodine content 
of the thyroid gland became very low, colloid storage no longer occurred 
and the gland exhibited marked hyperplastic changes. 


This work was carried out under a grant made available by the Agricultural Research 
Council, for which grateful acknowledgement is made. The authors are also indebted 
to several members of the staff of the Rowett Institute for co-operating during the 
investigation. 
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Resistance to oxygen want. By J. ArcyL. Cinieeet: (From the 
National Institute for Medical Research, Hampstead) 


These recent observations have been made on rats, usually about 
80 g., mainly with the same technique as in the previous researches 
[Campbell, 1938 a, b]. Therein it was shown that, on a pure carrot diet 
for 5 or 6 days resistance to oxygen want (barometer=245 mm. Hg; 
O, at 7% of 1 atm.; 7’'=33°C.) is much increased as compared with 
effects when on a normal diet; also that a synthetic non-protein diet 
containing rice-starch 70%, yeast 3%, salts 15% and cellulose 25% 
gives some protection similar to that when on a pure carrot diet; on 
these synthetic diets the rats eat about 2-5 g. of cellulose (paper pulp) 
per diem but only about I g. of fibre when on the protective carrot diet. 

After more detailed examination it has now been found that for 
protective synthetic diets it is necessary to keep the protein content at 
or below 5% of the total dry weight of the diet; in addition to starch, 
glucose up to 35% and lard up to 10% may be present, but these 


synthetic diets must also contain 2-5 g. of cellulose per diem, i.e. 25% 


of the total dry weight, if the resistance to oxygen want is to be increased 
to an extent similar to that when on a pure carrot diet. As the quantity 
of cellulose thus could not explain the difference in effects, various 
extracts from carrots have been tested, in conjunction with my colleague 
Dr C. Rimington, but we have not yet been able to detect any favourable 
factors in the carrots apart from low protein content and presence of 
cellulose. ‘‘Pure” vitamin A and carotene have now been tested with 
non-protein diets but do not exert any protective influence against 
oxygen want, although under normal conditions a diet with a liberal 
amount of vitamin A greatly increases longevity [Sherman & Macleod, 
1925]. The high water content of the fresh carrots is not responsible since 


‘similar results are obtained with dried carrots. Also, injections of water 
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or saline do not give any increase of resistance to oxygen want and it has 
been confirmed that a full diet of pure milk (100 c.c./diem/80 g. rat) 
gives no protection at all. This full milk diet produces an increase in 


weight of about 20% in 6 days and probably contains too much protein | 


for oxygen lack. If these rats are given a starvation diet of milk, namely 
only 25 ¢,c./diem, which causes a loss of body weight of about 20% in 


6 days, then resistance to oxygen want is increased definitely at this 


time, but longer periods on such a scanty diet would produce an opposite 
effect owing to general weakness. Even after 3 weeks on a carrot diet 
the rats lose only about 10% of their weight and remain active. Some 
similar experiments have been performed with larger rats and similar 
conclusions obtained although base-lines have to be altered somewhat. 
As before survival rate has been taken as the indicator of resistance to 
oxygen want but respiratory rate is also a good. guide; when this reaches 
200 per min. resistance is breaking down. 

Sulphanilamide compounds including M and B 693 do not produce 
any marked resistance to oxygen lack; apparently these drugs do not 
produce their beneficial effects through stimulation of anaerobic processes. 

The carrot diet has also been tested with rats exposed at normal 
barometric pressure, 760mm.Hg, and normal room temperature 
18-23° C., and breathing oxygen reduced to 4% of 1 atm, by mixture 
with nitrogen. Of twenty-five rats on a normal grain diet only four 
survived at a time when nineteen out of twenty-five rats on a carrot diet 
were still alive. 

On the above evidence diets, for patients suffering from oxygen lack, 
might be tested containing less than 5% of protein (dry weight) and 
10-35 % of sugar (dextrose) and 10% of fat, the remainder being of other 
carbohydrate (viz. starch) with a sufficiency of vitamins and salts, and 
also containing some cellulose; carrots (dried or moist), parsnips, beetroot 
and fruits would supply the cellulose. Milk may be used in small 
quantities or so long as the total dry weight of the protein of the diet does 
not greatly exceed 5%. Such diets might also be tried at very high 
altitudes, as on expeditions to Mount Everest. Starvation treatment has 
been employed for pneumonia but, as stated above, the absence or low 
content of protein is an important factor and starvation is probably 
not really necessary. A light fluid diet is the common diet for pneumonia 
with fever [Comrie, 1933; Hutchison & Mottram, 1936]; and the non- 
protein (i.e. glucose and water) treatment is, as shown above, supported 
concerned. 
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~ Clearance ratios of sodium ferrocyanide, creatinine, inulin and 


xylose in the perfused kidney. By A. Hemmneway. (From the 
Physiology Department, University of Leeds) 


The claims of Gersh & Steiglitz [1934] that sodium ferrocyanide is 
excreted entirely by glomerular filtration suggested that the clearance 
of sodium ferrocyanide might be taken as a measure of glomerular 
filtration rate [Van Slyke, Hiller & Miller, 1935). 

A series of comparisons between simultaneous clearances of sodium 
ferrocyanide, creatinine, inulin and xylose by the isolated, perfused 
kidney (pump-lung-kidney preparation) has been made. In the isolated 
kidney preparation the clearance ratios between the different substances 
are found to be similar to those obtained by o— Slyke et al. in the 
“‘exteriorized” dog kidney. 


by the perfused kidney with similar ratios in the intact animal [Van Slyke e al. 1935) 
Intact animal 
[Van Slyke et al.] 
Standard 
Mean deviation 
ratio of ratio ratio of ratio 
1 Ferrocyanide 0-95 OM”. 0-96 0-18 


0-86 (a) ‘it 0-97 0-14 
0-87 (b) [24] 


(a) from (1) and (2). (6) from (3) and (4). 
The figures in square brackets indicate the number of determinations. 
a2 


: 
‘ 
2 1-11 0-14 1-04 0-13 
[12] [14] 4 
3 Xylose 0-60 0-07 
Creatinine [13] 
Creatinine 
N 
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The clearance ratios, determined for two substances in any one 
experiment, have been obtained from preparations in which the kidney 
was perfused at a constant arterial pressure (range 100-120 mm. Hg 
mean pressure in different experiments). Samples of blood and urine for 
analysis were not taken until at least 40 min. after addition to the blood 
of the substances whose clearances were to be measured. 

The results show that the clearance ratios of inulin, ferrocyanide and 
creatinine are similar in the “exteriorized” and in the isolated dog 
kidney, provided that in the latter preparation plasma concentrations, 
blood pressure and rate of urine flow are not changing rapidly. | 


Gersh, I. & Steiglitz, E. J. [1934]. Anat. Rec. 58, 349. 
Van Slyke, D, D., Hiller, A. & Miller, B. F. [1935]. Amer. J. Physiol. 118, 611. 


A study of blood sugar values following the intravenous injection 
of glucose in man. By E. C. Atiipone and R. E. Tunsrince. 
(From the Department of Medicine, University of Leeds) 


A standard technique has been devised whereby 25-30 g. of glucose 
are administered intravenously within 3 min. The blood sugar (capillary) 
has been estimated by the Hagedorn-Jensen method at intervals of 
3-7-5 min. for at least 1 hr. following the injection. 

Seventy-six subjects have been studied, ranging in age from 14 to 
66 years. They comprised normal medical students and patients showing 
a wide variety of pathological conditions. 

The effects of a meal, of insulin administered both intravenously and 
subcutaneously, and of diet, upon the results were determined. 

In normal medical students, weight, muscula? development or a light 
meal taken 1-5-3 hr. before the injection had no appreciable effect upon 
the results, the blood sugar returning to fasting value within 55 min. 
Similar results have been obtained with older subjects, but with increasing 
age there is a tendency for the return of the blood sugar to the fasting 
value to be delayed. 

The observed differences in the time taken to regain the fasting blood 


sugar value under pathological conditions do not permit of definite 
conclusions. 
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emulsion containing 5% of olive oil is stabilized with 0-2% of sodium 


_ stable over long periods, but they will cream on the addition of salt 
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Insulin, 10 units, whether administered subcutaneously 20 min. 
before the glucose, or intravenously with the glucose, hastened the return 
of the blood sugar to the fasting value. The latter effect was no greater 
than could be accounted for by the depressant action upon the fasting — 
blood sugar level of an equivalent amount of insulin. 

The effects of high fat low carbohydrate, and of low fat high carbo- 
hydrate diets of fixed calorie value, 2400 cal., upon the rate of dis- 
appearance from the blood of intravenously administered glucose have 
been observed. Insulin depression curves have been recorded during 
each dietary period. During the high carbohydrate periods there is a 
more rapid return to the fasting blood sugar value after intravenous 
glucose administration. 


Secondary protection of soap-stabilized oil-in-water emulsion 
by protein. By A. C. Frazer’ and H. C. Stewart’. (From the 
Physwology Department, St Mary’s Hospital Medical School, W. 2) 


Emulsions can be prepared [Frazer & Walsh, 1933] in which the oil 
particles are very uniform and average less than $y. in diameter. An 


oleate and the pH is adjusted to 8-5. These emulsions are extremely 


solutions or acids due to interference with the stabilizing soap film. 
These finely dispersed emulsions will detoxicate bacterial toxins [Frazer 
& Walsh, 1934, 1939] and also cobra venom [Frazer & Stewart, 1938]. 
The mechanism of detoxication is adsorption at the oil/water interface 
[Frazer, 1936]. It is found that a venom-emulsion mixture which is 
non-toxic when given intravenously causes death if injected intra- 
peritoneally [Frazer & Stewart, 1938]. The emulsion is found to cream 
intraperitoneally but it is stable in the blood stream. The object of this - 
communication is to demonstrate why this should be the case. If serum 
is added to emulsion it is found that normal saline will no longer cause 
creaming and exactly similar effects are found if egg white solution is 
added. The results of experiments to demonstrate this action are shown 
in Table I. Throughout all these experiments creaming is detected by 
microscopy. 


Sir Halley Stewart Research Fellow. 
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I 
Normal saline in c.c. 1 4 


ona 
wo 
=) 


B, C. Serum or egg white solution (protein about $26): 

After 1 hr. 0 0 0 9 0 6. 0 

After 2 hr. .0 0 

After 3 hr. 0 0 0 


0=normal dispersion. + tol 
globules 2-5 p. “+++ =gross creaming, glo 26 


From thié@pble it will be seen that the protein affords complete 
protection to the emulsion. The remarkable protective properties of this 
added protein film are shown in Table II, which illustrates the effect of 
strong salt solutions and acidification on emulsions =“ with 
various protein solutions. — 


ooo 


Tastx II. One c.c. of each substance is used in each test 


Normal — Saturated 
saline. NaCl N/5 HCi* 


. Emulsion + distilled water ++ 


+ 0 
Emulsion + albumin 0 0 0 
+++= no change. 
* Care m ast be taken to avid te Pont of tho point of the protein, The pH in thew 
was less than 


It is concluded that protein forms a secondary adsorbed film outside 
the stabilizing soap layer which is thus protected against acids or the 
effect of saline. The protective effect of the blood proteins is considered 
to be the main factor that prevents creaming when emulsion is injected 
intravenously. 
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a The behaviour of chylomicrons compared with that of protein- 


protected soap-stabilized oil-in-water emulsions. By A. C. 


Frazer! and H. C. Srewarrt.' (From the Physiology 
_ St Mary's Hospital Medical School, W. 2) 


The particles seen in normal blood under dark-ground illumination 


were considered by McDonagh [1927] to be protein. Recently it has — 


been suggested that these bright particles (chylomicrons) are essentially 
fat but that an adsorbed protein film at the oil/water interface provides 
' them with some misleading properties [Frazer & Stewart, 1937; Elkes, 
Frazer & Stewart, 1939]. The observations of Cunningham & Peters 


[1938] confirm this view. Chylomicrographs constructed from counts of | 


these bright particles have been used as a method of studying fat 
absorption [Frazer, 1938]. The object of this communication is to point 
_ out the similarity in the reactions of the chylomicrons and those obtained 
with artificial emulsions of known structure in which the protective 
nature of the adsorbed protein film can be demonstrated. 

The emulsion used in these experiments is a 5% olive-oil emulsion 
stabilized with 0-2% of sodium oleate and having a pH of 8-5. The 
average globule size is less than $y. and the emulsions are very stable 
[Frazer & Walsh, 1933]. To this soap-stabilized emulsion (8.-S.) is added 
an equal bulk of egg white solution (protein 8%) to form the protein- 
protected emulsion (P.-P.). The albumin-protected emulsion (A.-P.) is 
similarly prepared by the addition of separated egg albumin solution. 
The effect of alteration in reaction on these various solutions is shown in 
Table I. | 


pH Chylomicrons 8.-8. P.-P, A.-P, 
|) N N N N 
70 N N* N N 
6-0 N C+ N N 
5-5 G C++ G 
BO G C+++ G N 
45 N C+++ N G 
4-0 N C+++ N G 
3-0 N C+++ N N 
2-0 P C+++ P 2 P 
C=creaming. G=clumping. P = precipitation. 
N* =slight creaming. 


The effect of half-saturation with ammonium sulphate, or the addition 
of saturated NaCl solution produce similar effects on the chylomicrons 


1 Sir Halley Stewart Research Fellow. 
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and the P.-P. emulsion, but different results with the 8.-S. and A.-P. 
solutions. 

Thus fat particles stabilized with soap to which a sticilady protein 
film is added behave in a similar manner to chylomicrons. Although 


albumin alone affords protection, mixtures of albumin and globulin give — 


to the particles reactions which suggest a close. association with the 
globulin fraction. The close similarity in the behaviour of chylomicrons 
and the particles in the P.-P. emulsion suggests the possibility of identical 
structure. The addition of finely dispersed soap-stabilized oil particles 
to a protein solution results in the formation of a protective film of 
protein round the fat globule; fat particles in the blood might be expected 
to have a similar structure. 
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The movements of the unloaded rabbit uterus. By G. H. BELL. 
(From the Institute of Physiology, University of Glasgow) 

So far no method has been described for recording the movements 

of the uterus free from tension or distension. It is important, therefore, 


to enquire to what extent existing records of uterine movement are an — 


expression of the reaction of the smooth muscle to tension rather than 
a representation of the physiological state of the organ. It is suggested 
that the following method gives a more accurate picture of uterine 
activity. 

Silver wire sutures were inserted along the uterine border of the 
mesometrium a very short distance from the uterus to avoid direct 
irritation. X-ray photographs of the abdomen of the unanaesthetized 
animal were taken at half-minute intervals. The distances between the 
shadows of the stitches were measured; the sum of the distances is taken 
as the total length of the uterus. The variations in this value are recorded 
in Fig. 1. 

Curve A shows the uterine movements in a rabbit spayed 1 week 
previously. Curve B shows the movements in the same animal after 
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injection of 0-01 mg. oestrone in oil twice daily for 1 week. The spon- 
taneous movements are greatly increased. 
Another animal was spayed at the time of insertion of silver wire; 


a month later 0-01 mg. oestrone was given twice daily for a week, then 


Rabbit X 3. Uterine movements one 


mm. A 
30 week after spaying 


25 


Rabbit X 6. Spayed, then treated 
with oestrone and progesterone 


0-5 unit pitocin 
No struggle 


10 20 30 50min, 


Fig. 1. Diagram showing the variations in length of the unloaded uterus. A separate 
length scale in mm. is given on the ordinate opposite each curve. The time scale in 
minutes on the abscissa applies to all three curves: 


progesterone (proluton) 0-5 mg. twice daily for 4 days. The uterus 
(curve C) is relatively large; the movements are slow, but they are of 
similar extent (i.e. the minimum length is about half the maximum) to 
those in curve B. 

The pseudopregnant rabbit uterus has long been described as being 
quiescent [Reynolds & Friedman, 1930]. The present work seems to 
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deny this. If the method is accepted it would suggest that the response 


* the rabbit uterus to progestin is similar to that found in other species. 
work was done with grants from the Rankin Madia! Pund and the 
Medical Research Council. 
REFERENCE 
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A simple clamp for constriction of arteries in small animals. 
By F. J. McLean and B. G. Marerarru. (From the Sir Wiliam Dunn 
School of Pathology, Ozford) 


The apparatus was designed for the purpose of constricting the renal 
arteries of rabbits, with a view to producing high blood pressure after 
the method of Goldblatt, Lynch, Hanzal and Summerville [1934]. Gold- 
blatt’sclamp, though excellent for the dog, istoo complex to be produced on 
a scale small enough for use in rabbits, and metal clamps are too heavy for 
use onsuch small vessels. Collins[1936] and Drury [1938] reduced the blood 
supply to the kidney by incomplete ligation of the renal artery, but this 
method istoo inflexible, for the degree of constriction once attained cannot 
be easily altered, and standardization and fine adjustment are difficult. 

Structure of the clamp. The body of the clamp is made from a cylinder 
of Perspex, 6:15 mm. in diameter and 6-0 mm. 
long. A hole, 18mm. in diameter, is drilled 


through the centre. A longitudinal slot is cut the : A 
whole length of the cylinder from the surface to Ca 


the central hole. An adjustable silver screw (made 
from no. 10 8.a. silver wire) with flattened head ‘ 
passes through the wall of the cylinder to the | 2 i * 
central hole, the screw being set at an angle of i > ee ee 
about 50 degrees to the slot. The screw is 6mm. |. | ONS 


long, 1-7 mm. in diameter, with 2:85 threads per G ‘ap 


mm, (pitch is approximately 0-35 mm.). The inner 
end of the scfew is polished. The edges of the 
slot and cylinder are bevelled off and smoothed Fig.l. 1. of arterial 
and the inner surface is polished, so that the body ees 3 pg central cana 
of the cylinder is transparent. When the screw is sellin af of adjustable 
almost completely turned down it touches the ‘T°’: 


opposite side of the central hole. The screw is soneaiaas by means of a short 
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brass rod with a socket in one end to fit the flattened head of the screw. 
The weight of the screw and clamp together is about 0-2 gm. ) 

_ Stertazation of the clamp. The screw and cylinder are first separated, 
thoroughly“washed with water to remove air bubbles, and then placed 


- in 10% formol saline for at least 24 hr. . 
Application of the clamp to the vessel. Under general anaesthesia the 


abdomen is opened along the line of the linea alba, and the renal artery 
is cleaned, care being taken to separate the nerve bundles from the vessel. 
The artery is lifted with an aneurism needle and the clamp (with the 
screw back far enough to leave the slot clear) slid into position behind the 
vessel, so that when the aneurism needle is withdrawn the artery slips 
into the central hole through the longitudinal slot and is held in position 
by its own tension. Holding the Perspex cylinder firmly with forceps the 
silver screw is gently turned until the artery is just completely occluded, 
and then the screw is turned back the desired distance. The constriction 
can be observed through the transparent Perspex, and the cessation and 
resumption of pulsation in the vessel distal to the clamp can be observed 
during these manoeuvres. 

Results on the blood pressure. The effects of constricting the renal 
artery with this clamp have been studied in eleven animals with carotid 
loops. Slight constriction (1} turns from complete occlusion) causes a 
small rise in blood pressure which returns to normal in less than a week, 
with slight or no reduction in the size of the kidney as judged by measure- 
ment of the inter-polar length in situ. Further constriction (#'to one turn 
from complete occlusion) causes a transient rise in blood pressure lasting 


from 3 days to 4 weeks. The collateral circulation in these animals is 


well developed after a fortnight and the kidney is reduced in size (in one 
case from an interpolar length of 33 mm. to less than 21 mm.). More 
severe constriction (? turn from complete occlusion) usually results in 
infarction of the kidney, with a transitory rise of blood pressure lasting 
not more than a week. — 

Subsequent constriction of the artery to the other kidney produces 
a rise of pressure, which is permanent or transitory depending on the 
degree of constriction. In two animals the right kidney was removed and 
the left renal artery constricted to within 14 turns of complete con- 
striction at one operation. One rabbit showed a transitory rise of 
pressure which was later made permanent by further constriction. The 


other animal exhibited a steadily increasing pressure and after 2 weeks: 


became uraemic with a blood pressure 85 mm. above normal. When the 
animal was almost moribund the clamp was loosened. Recovery followed 


4 
4 
| 3 | 
i 
“an 


12P PROCEEDI NGS OF THE PHYSIOLOGICAL 


within a week, the pressure remaining about 20 mm. above the normal 
value for a short time and ultimately falling to normal. 


Our thanks are due to Mr 8. W. Bush who was responsible for the manufacture of 
the apparatus described above. 
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The effect of progesterone on the survival of adrenalectomized 
rats. By G. Bourne, Beit Memorial Research Fellow. (From the 
Department of Human Anatomy, University of Oxford) 


The water- and salt-retaining properties of oestrogenic hormone 
[Krohn & Zuckerman, 1937; Thorn & Harrop, 1937], of progesterone 
and of testosterone [Thorn & Harrop, 1937] suggest that these substances 
have some functional similarity with corticosterone, to which they are 
chemically related. Observations were therefore made on the effect of 
progesterone on the survival times of adrenalectomized rats. The animals 
were of mixed strain, of comparable age and weight, and were kept 
under identical conditions. While these experiments were in progress _ 
Thorn & Engle [1938] reported, on the basis of a small number of 
observations on dogs, that only progesterone shares with cortin the 
power of prolonging the life of adrenalectomized animals. 


Tasxz I. The survival of adrenalectomized rate treated with progesterone 
Progesterone Survivaltime Loss of weight 


+8.8.0f mean +8.E. of mean 
Animals No. (mg.) (days) (g.) 
Ovariectomized female rats 12 — 5-3 +0-66 28-5 +4-73 
(controls) 
i rats 6 0-5 12-5 +1-52 25-0 +.4-83 
Castrated male rats : 5 0-5 10-6 +2-25 28-0 +4-64 
Non-castrated male rats 6 0-5 11-5 +0-92 5-0 +1-83 


The experiments summarized in Table I confirm this finding. The 
results of these experiments have been analysed by Fisher’s “‘t” test 
[1932], and with the exception of the castrated males injected with 
progesterone, the mean survival time in all the experimental groups was _ 
een longer than it was in the controls. Only one set of controls 


4 
Ate 
ag 
4 
¢ 
tg 
= 
> 
ig 
f 
ifs 


SOCIETY, 14 JANUARY 1939 18? 


was used, since it is known that there is no significant difference in the 
mean survival time of male and female rats [Grollman, 1936]. The 
experiments also suggest that the survival of adrenalectomized male rats 
treated with progesterone is not significantly affected by the removal of 
their gonads. 

Observations were also made on the loss of body weight after 
adrenalectomy. Non-castrated male rats treated with progesterone lost 
far less weight than the other experimental animals, the results showing 
a significant difference between the amount of weight lost by them and 
that lost in any of the other experimental groups, which did not differ 
significantly from one another in this respect. 


REFERENCES 
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Disk-sphere transformations of ovalocytes. By Eric Ponper. 
(From the Biological Laboratory, Cold Spring Harbor, N.Y.) 

In the rare hereditary condition of ovalocytosis, human red cells are 
elliptical and biconcave, instead of circular and biconcave. The condition 
is not pathological, for the individuals affected show no sign of ill-health 
or of blood disorders; it is apparently transmitted as a simple Mendelian 


dominant character. To date, some 120 instances have been reported — 


in some twenty-five families (for literature, see Strauss & Daland [1937]). 
One of these families was that of a research worker at the Biological 
Laboratory, and I took the opportunity of seeing whether the ovalocytes, 
with their far from normal shape, undergo the same shape transformations 
as do normally shaped human red cells. 

The red cells of the individual examined, P. F. B., showed all the 
characteristics of typical ovalocytosis. At least 80% were oval, although 
with different degrees of eccentricity; about 15% were almost or quite 
circular, and about 5° had bizarre shapes, like bottles, bananas and 
sausages, The mean cell length, in serum, was 9-ly., the mean cell 
breadth 5-5y., and the mean cell thickness 1-4y.; this gives the mean 
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cell volume as 73,.*, which is a normal figure for man. The oval cells 
show well-marked oval biconcavities, and form typical rouleaux. 

‘The shape transformations appear to be identical with those for 
normal human red cells, Between slide and slip, the ovalocytes crenate, 
pass through the thorn-apple form, and finally become perfect spheres. 
In lecithinated plasma or serum, perfect spheres are formed, and brilliant 
diffraction patterns can be obtained. With washed ovalocytes, rose 
bengal in a concentration of 10-° M gives perfect spheres which are 
reversible on the addition of serum, and typical prolytic spheres are 
obtained with saponin and the bile salts. The abnormality of shape is 
accordingly not associated with any abnormality in shape transformation. 
_ Schartum-Hansen [1935] has reported that none of the nucleated 
erythrocytes in the bone marrow are elliptical in cases of ovalocytosis, 
and I have been able to confirm Strauss & Daland’s observation that 
few of the reticulocytes of the peripheral blood are elliptical. It seems 
that the oval shape is completely assumed only after the loss of the 
nucleus and the reticulum, a fact very difficult to explain on any of the 
existing theories about red cell shape. | ye 


Schartum-Hansen, H. [1935]. Acta med. scand. 86, 348. 
Strauss, M. B. & G. A. Daland [1937]. New Engl. J. Med. 217, 100. 


A simple volume recorder. By G. Winrie.p. (From the Physiological 
Department, School of Medicine, University of Leeds) 

The merits of this instrument are: (1) That it is easily made. (2) The 
size can be adapted to most purposes. (3) That it has a very small 
internal volume, and so responds by a large movement to small changes 
in volume. (4) It can be made into a modified piston recorder, in which 
the tightness is maintained by a rubber seal, leaving the piston a free 
fit in the cylinder, The method of manufacture is as follows. : 

A piece of rubber dam is well cleaned with fine sandpaper and annuli 
or rectangles of suitable size are cut or stamped from it (as by using 
two suitable cork borers as punches). These are then cemented together, 
_ with rubber solution alternately at the centre and at the outside edges, 
to make an accordion of suitable length and volume. The edges are cold 
vulcanized by painting with a mixture of one part thionyl chloride and 
four parts carbon bisulphide. The bellows so made is cemented to a 
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turned ebonite block with a lug for connexion to the rest of the apparatus. 
The free end is sealed by a thin light disk, which may be rubberized 
paper, bakelite sheet, or celluloid. If one edge of the completed recorder 


Wei 


\ 
\ 


becomes a bellows recorder, similar to the familiar Brodie type and 
a lever can be cemented directly to the top of the instrument. A relief 
valve, such as a fine bore three-way tap, or a screw down valve should 
be incorporated in the lead to the recorder. 


Glass electrode for the measurement of pH of fluids at body 
temperature. By Sytvia Dickinson. (From the Pharmacological 
Laboratory, University of Leeds) 


_ A diagram of the glass-cell system is shown in Fig. 1. The apparatus 
is @ modified form of that previously described by Platt & Dickinson 
[1933]. It differs from the previous apparatus in three respects: (1) in 
the method of temperature control, (2) in the form of the electrode 
vessel, and (3) in the disposition of the 0-1 N HCl-quinhydrone half-cells. 


(1) In place of the air-bath used with the earlier apparatus, a water-jacket is fitted 
round the electrode vessel only, the rest of the apparatus being at room temperature. 

(2) The electrode vessel consists of glass tubing about 1-25 cm. in diameter, closed at 
one end, and with narrow capillary tubes leading into it on either side near the closed end. 
It is fused to the vessel that serves as container for the water-bath. A glass bulb of special 
glass (Corning 015) on the end of an ordinary glass tube is made to fit the closed end of 
the electrode vessel as closely a8 possible (so as to reduce the amount of fluid that has to 
be used for a pH determination) and it is fixed in place by means of rubber tubing or a 


- 
Rubber = 3 
3 
YY f, (44 
Ebonite Y YY Bm 
YY Yj 
\ 
\ Brass lever support 
\ 
\ Y 
/ 
N 2 
z 
ay 
bf 
° 


16P PROCEEDINGS OF THE PHYSIOLOGICAL 


waxed cork. Tho glass bulb and stem are filled with 0-1 NV HCl and the stem is connected, 
through glass tubing filled with 0-1. HCl, to a 0:1N HCl quinhydrone half-cell. 


(3) Instead of forming one half-cell inside the tube carrying the glass membrane as in 
the former apparatus, both half-cells are formed in vessels of the same shape, and the — 


connexions are arranged so that the two half-cells are close together. By this means any 
changes in the half-cells, as for example due to changes in room temperature, are more 
likely to affect both cells equally, and so not to alter the £.m.¥. of the system. 


Tube from 
cAirtostir 
water-bath reservoir 


The electrode system is set up in an earthed cage of perforated zinc and the half-cells 
are connected to the potential measuring apparatus outside the cage by means of screened 
leads. The potential measurements are made by means of a potentiometer and galvano- 
meter used in conjunction with the valve-electrometer circuit devised by Platt & Winfield 
{unpublished work), with which it is possible to read the’P.p. to 0-1 mV. (The valve electro- 
meter set is supplied by Tinsley and Co.) 

Fluid of which the pH is to be measured is introduced into the electrode vessel from 
a hypodermic syringe, the tap A being turned so that the tube from the electrode vessel 
is shut off from the KCl bridge and is open to the outside through the tube (a). Tap A is 
then turned to connect the KCl bridge with the outside, and a little KCl solution is run out 
tv waste, and finally the tap is turned so as to make the junction between the fluid in the 
electrode vessel and the KCl bridge. The total volume of fluid required to fill the electrode 
vessel from inlet to outlet is 1 ml. It has been the usual practice, in using the apparatus, 
to put 2 ml. or more through the electrode vessel, allowing the first part to run out to 
waste. 


The apparatus has been found to be more satisfactory than the 
previous one with the hot air-bath. Tests made at body temperature with 
standard phosphate buffer from pH 6-781 to 7-726 have shown that 
a steady reading is rapidly attained. Even when the buffer introduced 
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is at room temperature equilibrium is reached in 2 min. The reading for 
a given buffer is usually reproducible to 0-5mV. At room temperature 
tests have been made with citrate-HCl buffers from pH 2-97 to 4-96 and 
with phosphate buffers from pH 5-91 to 7-73, and have shown that the 
apparatus can be used satisfactorily over this range of pH. For accurate 
work, readings with standard buffers should be made before and after 
each reading for an unknown pH. 


REFERENCE 
Platt, B. 8. & Dickinson, 8, [1933]. Biochem. J. 27, 1069. 
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Ae Effect of a tetanus and adrenaline on single muscle twitches 


after adrenalectomy. By H. Bsursrepr and U. 8S. von Ever. 
(From the Physiological Department, Karolinska Institutet, Stockholm) 


The potentiating effect of a tetanus on subsequent single muscle 
twitches in mammalian striated muscle has recently been associated with 
alterations in the distribution of potassium ions in the muscle [Brown & 
Kuler, 1938; Feng, Lee, Meng & Wang, 1938}. 

In mammals, adrenalectomy is followed by a rise of plasma Kt, 


_ showing a close relationship to the symptoms of adynamy [Kendall, 


1938].. Since the post-tetanic phenomena might be affected under these 

conditions, we have studied the effect of an interpolated tetanus on the 

contractions of the anterior tibial muscle of the adrenalectomized cat. 
The cats were adrenalectomized 2 to 6 days before the experiment. The 


_ muscle was excited indirectly via the sciatic nerve by slightly supra- 


maximal shocks from a neon lamp stimulator, and the isometric sce 
3 sec. apart, were recorded. 

The tetani were usually of 2 or 5 sec. duration, and the stimulation 
frequency was 172 per.sec. 

In normal cats post-tetanic potentiation (p.t.p.) occurred regularly, 
but in the adrenalectomized ones, showing symptoms of adynamy, the 
increase in tension after a tetanus was small or absent; in some cases a 
decrease resulted. No definite relationship could be detected between 
the degree of p.t.p. (or depression) and the final tension developed in the 
tetanus. When a p.t.p. was present, it differed from the normal in that, 
after an increase during the first three or four single contractions, it 


E> _ returned to the pre-tetanic level. The first contraction was in most cases 


Ss distinetly weaker than the final tension of the tetanus. 


The twitch evoked by an arterial injection of 25-5 mg. KCl into the 


= muscle of the adrenalectomized cat did not increase the tension of the 
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following twitches as in the normal muscle [Brown, 1937 ], but completely 


eliminated the response to indirect stimulation. Injections of 0-5 mg. KC] 


diminished the subsequent twitches. This block could not be removed by 
a tetanus. 

In the rapidly developing decrease in muscle tension on indirect stimu- 
lation in the adrenalectomized cat, a considerable degree of recovery was 
seen after intravenous injections of adrenaline (Fig. 1). This effect seems 
to be due in part to an improved blood supply by the increase in general 


Fig. 1. Cat, 2-5 kg., adrenalectomized 2 days previously. Upper curve: blood pressure 
(elastic manometer). Lower curve: maximal motor nerve twitches of tibialis at 3 sec. 
intervals. At arrows (1), (2) and (4) motor nerve tetanus at 172 per sec. for 2 sec. 
At (3) intravenous injection of 5 yg. adrenaline. 


blood pressure, since such an increase, produced in various other ways, 
also improved the response. In one case, however, where the response to 
indirect stimulation had ceased altogether, we observed a definite tem- 
porary recovery after an intra-arterial injection of 0-4 ug. adrenaline into 
the muscle with no increase in general blood pressure. Direct muscle 
stimulation was still effective in cases showing no response to indirect 
stimulation; this shows that adrenaline acts by facilitating neuro- 
muscular transmission. 

The block produced in normal muscle by large doses of potassium 
could also be partly removed by adrenaline. 

Cortin (Organon) had no immediate effect on the ‘teas contractions 
in the adrenalectomized cat. 
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Our Gacniaicke support the idea that the distribution of potassium 


ionsin the muscle plays an important part in the post-tetanic 
_ and also in neuro-muscular transmission in striated muscle. 
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a : Chylomicrograph technique. By A. C. Frazer! and H. C. Stewarr.! 
a (From the Physiology Department, St Mary's Hospital Medical School, 
| 
> We have previously described the physiological variations in the 
2. particles seen in human serum under dark-ground illumination [Frazer & 
~ Stewart, 1937] and the evidence from which it is concluded that they are 
- essentially fat [Elkes, Frazer & Stewart, 1939]. The bright particles, 
~~ which increase in numbers after ingestion of fat, are termed “chylo- 


microns”, and curves constructed from counts of these particles we have 
called “chylomicrographs”. The object of this communication is to 
describe the technique for obtaining a normal ee and to 
outline the main difficulties that may arise. 


TECHNIQUE 

(a) Standard meal. A known amount of fat must be taken. A meal - 
consisting of 2 oz. of toast, 1 oz. of butter, and 1 cup of tea containing 2 oz. 
of milk is satisfactory [Frazer & Stewart, 1939]. The meal should be eaten 
within the space of 5 min. 

(6) Specimens of blood. These are collected 15 min. before and at 30 
min. intervals after ingestion of the meal up to 4 hr. The blood is collected 
into a fine capillary tube from the finger, which must not be squeezed. The 
blood is allowed to clot in the tube which is incubated at 37°C: As soon as 
the clot forms, it is gently freed at its upper end and left to contract. 

(c) Preparation of the specimen. A very small drop of serum is trans- 
ferred by pipette to a slide of the correct thickness so as to give the thin- 
nest possible film under the coverslip, which should be well pressed down. 
> @ Optical system. We have used a + in. oil immersion apochromatic 
objective, x 20 eyepiece, cardioid dark-ground condenser and a penrotte 
or ribbon filament lamp as illuminant. 

1 Sir Halley Stewart Research Fellow. 


b2 


\ 
+ 
5 
at 
ft} 
+5 
hi 
at 
i} 
ip 
& 
i! 
‘ 
i 
j 
if 
the 
th 
4 


22P PROCEEDINGS OF THE PHYSIOLOGICAL 


(e) Counting. Counts are always made by two observers and their 
readings are averaged. If there is more than a small difference between 
the two, a recount is made. If there are very many particles, a part of 
the field is excluded with an eyepiece mask. Only the bright particles 
are counted and these seldom exceed 200 per field with the standard 
meal. 

(f) Preparation of glass-ware. Capillary tubes, pipettes, slides ‘and 
coverslips should be passed through chromic acid, thoroughly rinsed in 
distilled water and then dried after i immersion in absolute alcohol and 
ether. 


Common DIFFICULTIES 


(a) Optical. A standardized system with constant lighting must be 
used for comparative counts. The slides are measured with the micrometer 
screw and must conform to the required thickness for the system. Slides 
must be free from scratches or etching due to over-exposure ” chromic 
acid. 

(6) Physiological. The composition and method of ingestion of the 
meal must be standardized. The meal is best taken first thing in the morn- 
ing with the subject at rest in the sitting position and at least 12 hr. after 
the previous meal. 

3 (c) Abnormalities in the specimen. (i) Foreign bodies such as threads of 

fibrin or bacteria do not occur if the skin is properly prepared, the clots 
are gently treated, and fresh specimens are examined. They are easily dis- 
tinguished from chylomicrons. 

(i) Blood: platelets appear occasionally. They appear as large oval 
plates which have no real resemblance to chylomicrons. 

(ii) Granules from disintegrated leucocytes sometimes occur in quite 
large numbers, especially if the clot is roughly handled. They appear as 
large oval bodies, somewhat similar to large bright particles, but with a 
characteristic dark centre. Exactly similar bodies can be seen inside the 
intact leucocyte. These granules behave differently from chylomicrons, 
tending to form large clusters and they do not exhibit normal Brownian 
movement. | 

_ (iv) Adsorption to the slide or coverslip occurs if these are not pro- 
perly prepared. A fresh preparation must be made, if this adsorption is 
sufficient to interfere with the dark-ground picture. 

If a standardized technique i is Tigidly adhered to, no serious difficulties 
need be expected. The nine specimens required for the — 
take about 20 min. to prepare and count. | 
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The interpretation of the normal chylomicrograph. By A. C.. 


Frazer’ and H. C. Stewart.’ (From the Physiology Department, 
St Mary’s Hospital Medical School, London) 


The chylomicrograph, obtained by the standardized technique already 
described, can be used as a means of studying changes in blood fat. The 
curve shows two groups of physiological variations. 


: LATERAL DISPLACEMENT 
to the left. Any rise in the chylomicrograph within the 
first hour should be disregarded, as it is almost certainly due to fatty 
residua from the previous meal [Frazer & Stewart, 1937]. The normal 
curve reaches a peak in about 2 hr. 

Displacement to the right. This is more frequent and indicates delayed 
emptying of the stomach. It can be obtained with great regularity by 
administering larger quantities of fat than are used in the standard meal. 
The delay in emptying of the stomach due to excess fat has given rise to 
the common misconception that the maximum lipaemia occurs 6 hr. after 
ingestion. With normal food the lipaemia is all over in 4} hr. 


AMPLITUDE 
With the standard meal the normal maximum appears to be in the 
region of 150 chylomicrons per field. The amplitude varies with the type 
of subject studied. A fat subject always shows a much higher maximum 
level than a thin person taking an identical standard meal. A normal 


individual gives an intermediate curve. The three types of curve are — 


shown in Fig. 1. It is possible to decrease the amplitude of the curve by 
the addition of more lipase to the diet [Frazer & Stewart, 1939]. A possible 
explanation of the difference in amplitude in these three types of chylo- 
micrograph is that more lipolysis occurs in the thin subject than in the fat. 
In accordance with the partition theory of fat absorption [Frazer, 1938] 
there is less lipolysis in the fat subject and therefore more fat passes in the 
systemic blood to be deposited in the fat depots. In the thin person more 
fat passes to the liver by the portal vein and less is stored. In Fig. 1 a grid 
1 Sir Halley Stewart Research Fellow. 
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is marked which indicates the normal limits found with our standard 
technique, from which lateral displacement and variation in amplitude 
can easily be judged. 

The advantages of the chylomicrograph over ordinary blood fat 
analysis may be summarized as follows: 

(i) Blood fat variations occur so rapidly that serial investigation is 
essential. This is a feature of the chylomicrograph but it is difficult with 


Ww 


No. of chylomicrons per siandard field 


Time in hours 


Fig. 1. Three din stalentiipaabiis A, normal subject; B, fat subject; C, thin subject. 
Grid marked in dotted lines indicates normal] limits. 


(ii) There is a marked difference between capillary and venous blood 


fat. The former, which gives more reliable information, is used for the 


chylomicrograph whereas the latter is usually required for analysis. 
(iii) The information obtained from the chylomicrograph is more com- 
plete and probably as accurate as that gained from analysis. 


(iv) A chylomicrograph can be constructed in much less time than is 
required for blood fat analysis. wi, 
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The effect of breathing exercises upon the total pulmonary 2 
capacity and its subdivisions in a cas? of asthma. By W. D. W. | 
Brooks. (From St Mary’s Hospital, London) 


It has become slinioally well recognized that the treatment of asthma 
by breathing exercises reduces the severity and frequency of the attacks. 
At is of course also well known that many asthmatics are psychologically 

abnormal, and that in such cases almost any form of treatment, if given 
enthusiastically by the clinician, will temporarily at any rate ameliorate 
the patient’ssymptoms. Nevertheless, it is generally felt among clinicians 
that breathing exercises in this disease cause alterations of respiration 
which are not in any way dependent upon psychological factors. 

The nature of these alterations has, so far as we are aware, never been 
investigated, and accordingly it was thought worth while to determine 
the total pulmonary capacity and its components in a series of cases of 
asthma both before and after a careful course of breathing exercises had 
been given. Controls consisting, firstly, of normal individuals (medical 
students) who underwent breathing exercises, and secondly asthmatics 

~ _ who had no breathing exercises but who received other forms of medicinal 
treatment, were also investigated at similar intervals of time, and the 
results are in process of assessment. 
ae It is our purpose to present a preliminary account of a case of asthma 
thus investigated and thus treated. | 

In this case, as in the others, the total pulmonary capacity was deter- 
mined by the oxygen dilution method of Christie, using a Knipping 
-__ spirometer with the patient in a recumbent posture. A Van Slyke mano- 
metric apparatus was used for gas analysis. : 

In every case, on the same day as the respiratory determinations 
were made, the patient was X-rayed in full inspiration and full 
expiration, using the same film, so that a permanent record of the actual 
state of the chest was obtained, and which, following the method of 
Hurtado and Boller, provided a means of controlling the respiratory 
determinations, 

Inspection of the results obtained in the case presented shows that q 
the outstanding change following six months’ breathing exercises was a _ 
marked increase in the reserve air. This increase was also accompanied a 
by an increase, relatively less in degree, in the residual air. The total . 
- pulmonary capacity was increased as a consequence of the increase in ¥ 
these two components. The complementary air was approximately con- | 
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‘stant. As result the ratio x 100 fell from the 


abnormal value of approximately 60 to 53%. 


This patient also showed well the phenomenon first pointed out by 


Christie, namely that the volume of the reserve air tended to be consider- 
ably greater after a normal tidal inspiration than after the maximal 
inspiration taken in recording the vital capacity. Christie’s interpretation 
of this phenomenon was one which involved the assumption that the 
elasticity of the lungs was, in cases such as these, imperfect. It is of 
interest, therefore, that after breathing exercises this patient, although 


still showing a greater reserve air after a tidal inspiration than after a 


maximal inspiration, had altered considerably in this respect following 
six months’ breathing exercises. 

The changes in the components of the votal pulmonary spate are 
also well illustrated in 
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High-frequency discharges from cerebral neurones. By E. D. 
Aprian and G. Morvuzz1. (From the Department of Physiology, 
University of Cambridge) 


The electrical activity of the brain surface has often been studied but 


__ little is known about the results of this activity, i.e. about the messages 


which are sent out along the axons of the cortical neurones. We find that 
some of these can be recorded electrically by leading from the pyramidal 


tract in the medulla or from the white matter of the motor area. With a 


fine wire electrode [cf. Barron & Matthews, 1935] the impulses from 
single units can often be distinguished. 

The results are of interest (a) in showing how the pyramidal tract 
discharge is related to the general activity of the cortex, and (b) in 
revealing an unexpected type of high-frequency discharge in the units 
under certain conditions. The latter finding may explain some of the 
effects of convulsant drugs and of electric stimuli on the cerebrum. 

(a) In cats and monkeys, under Dial or C,E., there is a discharge of 
impulses in the pyramidal tract which fluctuates in close correspondence 
with the potential waves recorded from the surface of the motor area. 
This is best in cats under Dial where the waves recur in distinct groups 
with a frequency of 7-10 per sec. (Fig. 1 A). With anaesthetics which do 
not give such regular waves the agreement cannot be checked so clearly, 
but in most cases it is only when the cortical potentials have fallen 


_ to a very low level that the pyramidal tract ceases to give evidence of 
_ activity. In the anaesthetized animal this continued pyramidal discharge 
 issub-liminal for the motor neurones of the cord though it can sometimes 
_ be increased in frequency by sensory stimulation. 


(b) When the motor cortex shows regular waves at 7-10 per sec. the — 


3 discharge of impulses in single conducting units usually recurs with the 
~~ same frequency, but instead of one impulse for each wave there are often 
~ two or three, spaced at intervals of 1-3 msec. The tendency to give these 
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high-frequency outbursts is far greater with the large waves due to 
strychnine, cardiazol etc. The discharge then occurs in groups of 5-50 
impulses for each cortical wave, the frequency in the group ranging from 
1000 to 200 per sec. (Fig. 1B). Strong electrical stimulation also produces 
a short high-frequency outburst for each shock and longer outbursts for 
each wave of the clonic after-discharge. The high frequency is no doubt one 
reason why such discharges can overcome synaptic resistances so well and 
cause facilitation and movement in spite of the anaesthetic. It remains 
to be seen whether they are peculiar to the cortex and due to a special 
instability of the neurones there. | | 


Fig. 1A, Simultaneous records of potential waves in motor cortex (lower tracing) and 
discharge in pyramidal tract (upper tracing) recorded from medulla. Cat under Dial. 
B. Discharge in pyramidal fibres due to strychnine applied to motor cortex. Electrode 
in pyramidal decussation leading from two or three units. The third discharge shows a 
group of impulses at 500-300 per sec. Cat under Dial. : 


,The impulses in a single outburst are often spaced at increasing 
intervals, as in the discharge from injured nerve fibres [Adrian, 1930], 
but controls have shown that injury to the fibres is not in itself the factor 
responsible for the high-frequency type of discharge. 
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Protein and resistance to oxygen want. By J. Anyi CAMPBELL. 
(From the National Institute for Medical Research, Hampstead) 


Using the same technique as in the previous researches [Campbell, 
19384, b, 1939], the explanation for the protective effect against oxygen 
want exhibited in white rats, whilst on a pure carrot diet, has been 
investigated further. A non-protein synthetic diet (starch mainly) 
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4 containing 25 % of cellulose (paper pulp) as shown previously also gives 
_ good protection against oxygen want, compared with the resistance 


offered when on the normal mixed grain diet. If charcoal, 25%, is used 


_ in place of the cellulose in the non-protein synthetic diet for 6 days, 


equally good, or even better, protection is obtained; kaolin, 25°, or 


_ agar 10%, for 6 days, gives some similar protection. Apparently some 


toxic material is being removed from the intestine, probably by adsorp- 
tion. This toxic material does not appear to be connected either with 
fat or carbohydrate, since the amounts of these substances present in the 
diet may be varied at least by 25-35% without affecting the result. 
Probably the toxic material has its origin in protein or protein by-products 


_ coming from or passing through the wall of the alimentary canal itself, — 


since in the above diets no protein is given with the food. The presence 
of 25% of casein in the same diet reduces the protection afforded by 
such a diet containing cellulose. Specific dynamic action of the casein 
does not appear to be the main factor, since replacing the casein by a 
similar amount of gelatin, which has a specific dynamic action somewhat 
similar in extent to that of casein [Lusk, 1928], does not reduce the 
protective effect of the same diet; neither does zein, but peptone does. 
Zein aids protection against oxygen want and gives the best protective 
result for all proteins tested, and gelatin comes second to zein. 

Further experiments with tyrosine and tryptophan (kindly supplied 
by Dr H. King) indicate that these amino acids are not concerned in the 
toxic action, in fact they appear to increase protection, but lysine and 
histidine have still to be tested, and one or both of them may possibly 
be the origin of the toxic substance, since zein is practically free from 
them. Alanine is present in zein, and may afford some protection; this is 
also being tested. There may be some special protective amino acid or 
other substance in the protective foods. 

In some cases liquid paraffin has been used to moisten the diet in 
place of water, and this appears to lessen the adverse action of peptone 
somewhat, but not that of casein. : 

A diet consisting entirely of apple pulp or banana for 6 days gives 
some protection against oxygen want, similar to that with the carrot 
diet, but the carrot diet maintains body weight rather better. Loss of 
weight, although usually more favourable than a gain, plays a small part 
only in the protective effect. Bulk of faeces is also not concerned. . 

Zein and gelatin, as well as the above fruits, could be used in a diet 


_ during oxygen want, either due to disease or at high altitudes. The fibre 


in these fruits and vegetables (carrots, parsnips, beetroot) mitigates the 
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adverse effects of the protein or toxic (probably unoxidized) substances 
coming from the protein of the food and from the ee canal 
REFERENCES 
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_ Amine oxidase and diamines. The action of guanidine. 
By H. Biascuxo. (From the Physiological Laboratory, Cambridge) 


It has previously been shown that histamine and diamines (e.g. 
putrescine and cadaverine) are not oxidized by amine oxidase [Blaschko, 
Richter & Schlossmann, 1937 a, 6]. Experiments were done to find out 
whether the enzyme had any affinity for these substances. No affinity 
was found: the rates of oxidation of [-p-sympatol (Boehringer) and of 
amylamine are not affected by the presence of cadaverine or histamine. 

These findings are supplemented by observations of Zeller [1938] who 
has shown that diamines are oxidized by another enzyme, histaminase. 
This enzyme only reacts with substances with two amino groups. I find 
that guanidine is a competitive inhibitor of histaminase. Guanidine 
shares this property with dimethylguanidine; other guanidine derivatives, 
e.g. creatine and arginine, have no affinity for the enzyme. 


This work has been carried out with s grant from the Ells Sachs-Plotz Foundation. 
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The action of tetanus toxin on skeletal muscle. By A. M. Harvey. 
(From the National Institute for Medical Research, Hampstead) 


_ “Local tetanus” can be produced in the tibialis anterior muscles of 
the cat by the injection into the muscle at a number of points of a total 
of 1 /200 of the lethal dose of tetanus toxin. In 3-5 days the muscle 
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_ shows an extreme rigidity, which, when once developed, persists for 


several days after section of the nerve supply of the muscle. The rigidity 
is therefore not immediately due to a central action of the toxin. It is, 


_ however, dependent upon the integrity of the motor nerve endings as it 


cannot be produced when these have degenerated. When the toxin is 
injected 2-3 days before nerve section, a moderate degree of rigidity 
develops which gradually disappears as the degeneration of the nerve 
endings proceeds. 

The rigidity is due to constant irregular contractions of the muscle 


~ fibres, as shown by the oscillatory action potentials, varying in rate from 


1 to 150 per sec., which can be recorded from the muscle. It is not, 
therefore, a contracture. The spontaneous activity varies from moment 
to moment in any particular group of fibres, and is greatly increased by 
a brief tetanic stimulation of the motor nerve. 

During the early stages of “local tetanus” there is a large reduction 


in the tension response of the muscle to a maximal motor nerve volley, 


as compared with that of the normal muscle of the opposite leg, while 
the twitch evoked by direct stimulation of the muscle in “local tetanus” 
is essentially normal. . 

Eserine has only a slight potentiating effect on the nerve twitch 
tension, and hardly increases the existing repetitiveness of the muscle 
action potential. Two nerve volleys, as might be expected from the 
effects of tetanic stimulation, are followed, if suitably spaced, by a great 
increase in the repetitive discharge. The reduction in nerve twitch tension 
is not the result of a “curarization’’, since the response of the muscle to 
close arterial injection of acetylcholine is at least as great as in the 
normal muscle. The response to acetylcholine differs from the normal, 
however, in that the quick, twitch-like contraction is followed by a 
prolonged increase in tension, which may last from 30 to 60 sec. This 
acetylcholine contraction is increased in duration by the previous 


: _ administration of eserine; it then closely resembles that seen in denervated 


muscle, and is accompanied by a depression of the response of the muscle 


to nerve stimulation. 


These experiments afford direct evidence of a peripheral action of 


4 tetanus toxin in the region of the neuro-muscular junction. A weakening 


. majority of the effects observed, but we have, at present, no direct — 
evidence of such an action. 


of the activity of choline esterase in the muscle would explain the 
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Excitatory actions at the neuro-muscular junction. By J. C. 


Eccies and W. J. O’Connor. (From the Kanematsu Memorial ve | 


of Pathology, Sydney Hospital, Sydney) 
Normally the large negative spike potential produced by the pro- 


pagated muscle impulses prevents direct observation of the localized — 
negative potentials which a motor nerve volley sets up at the end-plate 


region of a curarized muscle [Eccles & O’Connor, 1938], but they can 
be demonstrated by analysing the action potentials produced when a 
second nerve volley is fired down to the end-plates shortly after the first. 
With soleus, when this second nerve volley is 0-8—2-0 msec. after the first, 
no propagated muscle impulses are set up by the second volley. Yet, if 
one electrode is on the end-plate region [cf. Eccles & O’Connor, 1938], 
_ this second nerve volley is seen to produce a negative potential as large 
as 10%, of the spike potential. The time course of this additional potential 
has been plotted by subtracting the response to the first volley from that 
to the two volleys. With volley intervals up to 1-5 msec. a smooth simple 
curve is thus obtained, its shape being identical with the potential wave 
observed in deep curarization [Eccles & O’Connor, 1938], though it is 
at least double the size. Moreover, with volley intervals progressively 
diminished below 1-2 msec., both in the curarized and in the normal 
muscle there is a progressive diminution and delay of the potential 
added by the second volley. The first volley must also produce this 
end-plate potential in normal muscle, for after a sub-paralytic dose of 
curare the normal muscle spike potential exhibits a small ‘deficiency 
of negative potential, having a shape closely resembling the end-plate 
potential added by an early second volley, i.e. the end-plate potential 
set up by a single nerve volley in normal muscle has been diminished 
by curare [cf. Eccles & O’Connor, 1938]. 

With volley intervals increasing from 1-5 to about 2-0 msec. the 
second nerve volley produces in normal muscle a further addition to the 
end-plate potential. All available evidence suggests that this increment 

in the end-plate potential is produced by abortive impulses in the muscle 
fibres. The second nerve volley is setting up “new-born” muscle impulses 
so early in the muscle’s refractory period that they quickly die out. Since 
this increment of potential begins, if anything, slightly before the end- 
plate potential, the “new-born” impulses cannot be secondarily set ed 
by the end-plate potentials. 
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Finally, with volley intervals increasing beyond 2 msec., the second 
nerve volley gives rise to fully propagated impulses in normal muscle, 
but the action potential set up by the second volley shows an inflexion 


_ at the transition from the “new-born” stage to the “fully grown” 
_ impulse, the curve up to this point being only slightly steeper than the 


abortive impulse curve obtained with slightly shorter volley intervals. 
With still longer volley intervals this inflexion moves earlier and 


_ eventually the transition from “new-born” to “fully grown” cannot be 


recognized, the muscle impulse appearing to be “fully grown” almost as 
soon as it is set up. Thus a family of curves is observed which closely 
resembles those obtained by Hodgkin [1938] for the abortive and fully 
grown impulses in nerve fibres. 

On the basis of these experiments the end-plate potential set up by 
a single nerve volley in normal muscle may be calculated, and is found 
to begin (if anything) slightly later (0-05 msec.) than the origin of the 
muscle impulse (cf. abortive impulse, above). Thus the nerve impulse 
must give rise to _e excitatory actions of the motor end-plate and 
muscle. 

(1) A brief excitatory action setting up a “new-born” muscle impulse 
which may grow up to a fully propagated impulse or which may abort 
if too feeble either on account of curarization [Eccles & O’Connor, 1938] 
or refractoriness of the muscle. There is no evidence that this “detonator” 
action persists beyond the latest time of origin of the muscle impulse— 
probably less than 1-0 msec. from the time of arrival of the nerve — 
at the end-plate. 

(2) The negative end-plate potential which rises to a maximum at 
about 2 msec. and declines to half about 2-3 msec. later. Suggestions 
as to the associated excitatory effects have already been offered [Eccles 
& O’Connor, 1938]. 

Analogous excitatory actions have been described for nerve impulses 
acting across synapses in sympathetic ganglia and in the spinal cord— 
viz. the detonator action and the N wave with its associated c.e.s. 
[Eecles, 1937]. 


The work was done se a grant from the National Health and Medical Research 
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‘‘Inhibitory’”’ actions at the neuro-muscular junction. By J.C. 


and W. J. O’Connor. (From the Kanematsu Memorial institute 


of Pathology, Sydney Hospital, Sydney) - 


(1) In the preceding paper [Eccles & O’Connor, 1939] it has been 
seen that, when a testing nerve volley is 2-5 msec. later than the con- 
ditioning, it sets up fully grown impulses in all muscle fibres of soleus, 
but with a slightly lengthened delay. Now, if a third nerve volley is 
interpolated between the conditioning and testing volleys, the testing 
volley is able to set up fully grown impulses only in a few muscle fibres 
and then only after an increased delay. By their combined action the 
conditioning and interpolated volleys have produced an unresponsive 
period which is not due to a true refractory period of the muscle, for 
the interpolated volley is most effective when it is so soon after the 
conditioning volley (e.g. at 0-8-1-0 msec.) that it fails even to set up 
abortive muscle impulses, giving rise only to the end-plate potential. 


If the testing nerve volley is moved later, it finds progressively fewer 


muscle fibres unresponsive, and, when the conditioning testing interval 
is increased to 4 msec., the unresponsiveness has practically disappeared. 

As would be expected the excitatory state responsible for the negative 
end-plate potential appears to act as an antagonist to this brief de- 
pression of the neuro-muscular transmission, the depression being greater 
when subparalytic doses of curare decrease this potential, and less when 
small subrepetitive doses of eserine increase it. The very brief depression 
of repetitive muscle response which immediately follows two nerve 
volleys at a short interval [Eccles & O’Connor, 1938] is undoubtedly an 
example of the same depression at the neuro-muscular junction, and 
shows that this depression involves primarily the production of impulses 
at the end-plate region of the muscle fibres, and is not indicative of a 
diminution in the detonator action exerted by the nerve impulses at 
the neuro-muscular junction. The brevity of the depression suggests that 
it might be due to an accommodation response of the motor end-plate 
or adjacent muscle fibre on account of the combined detonator actions 
of the conditioning and interpolated nerve impulses being coeesante to 
a post-cathodal depression. 

(2) When a conditicning nerve volley sets up a repetitive response 
of the muscle fibres either in eserinized [Brown, 1937] or in normal 
muscle (tibialis anticus or soleus), a later testing volley reveals a pro- 


longed depressed condition of the muscle. With small depressions the 
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2 - testing volley evokes 'a diminished repetitive discharge and recovery may 


be complete as soon as 50 msec. after the conditioning volley, but with — 
larger depressions the testing volley evokes no repetitive response and 
the initial spike response may be diminished or even abolished. Recovery 
from such depressions is much slower, taking as long as 0-5 sec. or even 


to 2 sec. 


The following evidence suggests that this dcouion is a direct 
consequence of the repetitive response evoked by the conditioning volley. 


(a) The greater the repetition, the deeper and more prolonged is the ~ 


depression. (6) Two conditioning nerve volleys at a very short interval 
apart, e.g. 1-5 msec., produce a greater depression than one, only when 
they give rise to an increased repetitive response. (c) The depression 
following the conditioning volley is not increased by a nerve volley which, 
on account of the conditioning depression, fails to evoke a muscle 
response, and is very little, if at all, increased by a nerve volley which 
evokes only a spike response. (d) Large doses of eserine (more than 
2 mg./kg.) diminish and may even abolish the repetitive response 


_ observed with smaller doses, and pari passu there 1 is a diminution in and 


even abolition of the depression. 

The evidence of (6), (c) and (d) contraindicates the depressant action 
of a high concentration of acetylcholine as an explanation of the de- 
pression [cf. Brown, 1937], for, on the ACh hypothesis of neuro-muscular 


- transmission, the concentration of ACh (and hence the depression) should 


be increased by a nerve volley regardless of its action in setting up muscle 
impulses, and should not be decreased by a larger dose of eserine. 
Possibly this same type of depression is also produced to a small 
extent by a nerve volley which evokes only a single response of the 
muscle, but is insufficient to block the normal neuro-muscular trans- 
mission, being only evident when this transmission is depressed by 


curare [Brown, 1938]. 


In this and the preceding paper one or two nerve volleys have been 
shown to give rise at the neuro-muscular junction to a prolonged and 
complicated temporal picture of excitatory and “inhibitory” reactions— 
at least two of each. Very complex conditions must therefore obtain 
in tetanic stimulation, particularly at high frequencies, and it would 


i _ appear doubtful if any reliable conclusions can be drawn from such > 
experiments, e.g. those in which “Wedensky inhibition” has been 
interpreted as due to depression from accumulation of ACh. 


The work was done under a grant from the National Health and Medical Research 


c 


4 > 
n 
>, 
8 
4 
‘ 
| 
| 
- 
| 
{ 
4 
M 
j 
“4 
he 
3%. 
: 
“g 
PLS 
ae 
he 
& 
Gy 
has 
C 
oun: 
‘ 
2 
¢ 
4 


PROCEEDINGS OF THE PHYSIOLOGICAL 


REFERENCES 


Brown, G. L. [1937]. J. Physiol. 88, 220. 

Brown, G. L. [1988]. J. Physiol. 92, 23 P. 

Eccles, J. C. & O’Connor, W. J. [1938]. J. Physiol. 94, 7 P. 
Eccles, J. C. & O'Connor, W. J. [1939]. J. Physiol. 95, 32 P. 


The action of eserine on striated muscle. By J. C. Eccixs and — 
W. J. O'Connor. (From the Kanematsu Memorial Institute of Pathology, 


Sydney Hospital, Sydney) 

(1) With eserine doses of not more than 50 yg./kg. a single motor- 
nerve volley does not evoke a repetitive response from muscle (cat’s 
soleus or tibialis anticus), unless such a response is present in the absence 
of eserine, but the following three actions may be observed. (a) It 
counteracts the depressant effect of curare on the detonator action of 
a nerve impulse, as shown by restoration of direct neuro-muscular 
transmission when this has been just suppressed by curare, but no 
prolongation of the detonator action can be detected. (6) It increases 
and prolongs the end-plate potential set up both in curarized and in 
normal muscle, and hence counteracts the brief depressant action pro- 
duced by nerve impulses [Eccles & O’Connor, 1939]. (c) Two nerve 
volleys at a very short interval (less than 8 msec.) may evoke a repetitive 
response which usually continues much longer, e.g. 50 msec., than the 
longest summation interval; hence such repetition cannot be simply 
explained as due to summation of an exciting agent, e.g. ACh, liberated 
by each volley [cf. Brown, 1937]. The shortness of the summation 
interval suggests that summation of the end-plate potentials is in part 

at least a responsible factor. 
(2) Eserine doses from 100g. to 1 mg./kg. exert the following actions. 
(a) A single nerve volley sets up a repetitive discharge of impulses from 
the region of the motor end-plates [cf. Brown, Dale & Feldberg, 1936; 
Brown, 1937]. (6) The end-plate potential is still further. increased and 
prolonged both in curarized and in normal muscle, the brief depressant 
action being consequently no longer detectable. (c) On account of the 
repetitive response of the muscle to a single nerve volley there is a 
prolonged phase of depression of neuro-muscular transmission, which 
eventually passes over to a phase of increased excitability (cf. Eccles & 
O’Connor, 1939]. (d) With doses of more than 200 yg./kg. the muscle 
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__ twitches spontaneously. The action potentials of these twitches show that 


each is a brief repetitive response arising at the region of the motor end- 
plates and closely resembling the repetitive responses evoked by a single 
nerve volley. The twitching is unaffected by the application of novocaine 
to the motor nerve, and is completely abolished by doses of curare too 
weak to affect neuro-muscular transmission. Hence the twitching must 
be primarily produced at the region of the motor end-plates, which are 
made so irritable by eserine that they set up spontaneously these random 
repetitive discharges. Since the twitching occurs in the absence of all 
nerve stimulation, this irritability of the motor end-plates cannot depend 
on acetylcholine liberated by nerve impulses [cf. Bacq & Brown, 1937]. 
The close resemblance to the repetitive responses evoked by a single 
nerve volley indicates that these responses, too, are due to the increased 
irritability of the motor end-plates and not to acetylcholine liberated by 
the nerve volley. 

(3) Increase of the eserine dosage to more than 2 mg./kg. is associated 
with a diminution in the repetitive discharge evoked by a nerve volley, 
which may practically disappear with large doses. Thus with large doses 
of eserine there is a reversal of its direct excitatory action on the motor 
end-plates. 

The evidence under heading (1 (b)) might be taken to indicate that 
eserine prolongs the action of the transmitter by which a nerve impulse 
excites the end-plate potential, i.e. that this transmitter is acetylcholine. 
However such prolongation might well result from the direct excitatory — 
action of eserine on the end-plate, for the closely related negative after- 
potential of nerve is similarly increased and prolonged by the direct 
action of veratrine on the nerve fibre. Apart from the indecision in these 
alternative interpretations, all the effects produced by eserine on the 
neuro-muscular junction would seem to be caused by the increased 
irritability of the motor end-plate (which must be postulated in order to 
explain the spontaneous twitching) and the reversal of this irritability 
by large concentrations of eserine. The long duration (e.g. 100 msec. or 
longer) of the repetitive discharge from an end-plate indicates the 
existence of some self-re-exciting mechanism, each discharge conditioning 
a later supernormal excitability which evokes the next discharge. The 
repetitive discharge would then be eventually terminated by the 
inereasing depression which it has been shown to give rise to [Eccles 


O'Connor, 1939]. 


Thus we have been unable to find any unequivocal evidence that 
eserine action is related to the inhibition of cholinesterase with the 
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resulting slower destruction of any acetylcholine liberated by nerve 
impulses at the neuro-muscular junction. 
The work was done under ® grant from the National Health and Medical Research 
Council. 
REFERENCES 
Bacg, Z. M. & Brown, G. L, [1987]. J. Physiol. 89, 45. 
- Brown, G. L. [1937]. J. Physiol. 89, 220. 
Brown, G. L., Dale, H. A. & Feldberg, W. [1986]. J. Physiol. 87, 394. 
Eccles, J. C. & O'Connor, W. J. [1939]. J. Physiol. 06, 82.P. 


The permeability of cat erythrocytes to sodium and potassium. 
By Hues Davson.! (From the Department of Physiology, University 
College, London) 


The transfer of the cations, sodium and potassium, across the mem- 
brane of the cat erythrocyte has been studied by direct chemical methods. 
In isotonic potassium chloride solution the cells lose sodium at the rate 
of about 7% of their contents per hour; in mixtures of this solution and 
increasing amounts of isotonic sodium chloride the rate of loss falls off 


at a greater rate than can be accounted for by the differences in the 


concentration gradients, indicating that potassium accelerates sodium 
permeability. The rate of penetration of potassium into the cells from 
isotonic potassium chloride solution is generally less than. the rate 


of loss of sodium, although the concentration gradients of sodium and — 


potassium are approximately the same. 

Magnesium in a concentration of 0-04 M increases the rate of escape 
of sodium threefold, whilst leaving the permeability to potassium almost, 
if not completely, unchanged; the accelerating effect of magnesium is 
evident in a concentration as low as 0-001 M. 

Calcium has a similar accelerating effect on the escape of sodium, and 
its influence falls to zero at a concentration of 0-001 M; in concentrations 
above 0-01 M it accelerates the rate of penetration of potassium but has 
no inhibiting effect in concentrations above or below this value. _ 

Indifferent narcotics and soaps inhibit the escape of sodium; con- 
centrations which are inhibitory for sodium permeability are such as 
either to accelerate the rate of penetration of potassium or to be with- 
out influence on it; a definite inhibition of potassium permeability ad 
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_ nareoties has not been established, the slight retardation of the rate of 


penetration observed at certain concentrations of the narcotic being 
conceivably due to an effect on the anion permeability or to the complete 


_ inhibition of sodium permeability which makes the exchange of sodium 


for potassium across the membrane impossible. 


Unitary synaptic potentials. By A. Frssarp and Bryan H. C. 
Matruews. (From the Physiological Laboratory, Cembridge) 


When an isolated afferent volley reaches the spinal cord in the cat, 
monkey, or frog, it evokes a prolonged simple negativity of the centre 
of two electrodes on any cut dorsal root within 45cm. (cat) or 1 cm. 
(frog) of the root by which impulses have entered the cord [Barron 
& Matthews, 1936, 1938]. | | 

We have found that it is possible, under certain conditions, to record 
the central potential occurring in the frog when a single impulse in one 
fibre reaches the spinal cord. The spinal cord is exposed under ether and 
the fine XIIth dorsal root freed up to its point of entry to the cord, all 
other dorsal and ventral roots are cut and the cord transected. Electrodes 
are placed on the XIJth root raised into air or paraffin oil ; impulses are set 
up whenever the skin at the base of the urostyle is touched, there are also 
occasional fibres from stretch receptors in the leg muscles present in root 
XII. The peripheral branches of the region innervated are sectioned until 
thedischargein a single sensory fibre is evoked by touching the appropriate 
point on the skin with a bristle. If the proximal electrode is 1 mm. from | 
the cord, in many preparations, each impulse is followed, after a constant 
latency of roughly 5 msec., by a prolonged negativity of the cord of 
constant form and amplitude, see Fig. 1 A, B. Nothing less than one © 
impulse in one fibre can reach the cord, and so this appears to be a 
unitary process of which multi-impulse potentials are compounded. The 
form of the potential is similar to that following a synchronous volley 
set up by a maximal break shock but some 100-500 times smaller in 
absolute magnitude. In some preparations no central potential is 
detectable, this may well be due to damage to the root where it enters 
the cord, or alternatively these fibres may travel some distance within 
the cord before terminating, as do the fibres from muscle and tendon, 
and as yet no potential has been detected when single impulses from 
stretch receptors enter the cord by the same root, though potentials 
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are detectable on repetitive electrical stimulation of a muscular nerve 
twig. 


potential may reach four times the single impulse height, its magnitude 
and duration depends upon the frequency and duration of the afferent 


Fig. 1. Records from single active fibre preparations of the XIIth dorsal root of the frog. 
Electrodes approximately 1 and 5 mm. from the cord. Direct coupled amplifier. 
Impulses set up by touching skin with a bristle. A, B. Single impulses each followed 
by the central potential. 1mm.=4yV. C, D, E. Another preparation showing 
potentials following one, two, and six impulses. 1mm.=2yV. F. Time marker 
0-02 sec. intervals. 


discharge, see Fig. 1 C, D, E. When two successive impulses in the same 
fibre enter the cord the resulting potential falls a little short of summation 
of two single impulse potentials, but with larger numbers of impulses this 
deficit becomes greater. The effect of one impulse does not at any interval 
appear to increase the change produced by a subsequent impulse; this 
absence of any evidence of facilitation, and the constancy of the unitary 


When successive impulses are set up in the same fibre the central 
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' potential, support the hypothesis that these potentials arise presyn- 


_ aptically at the non-medullated terminations of the dorsal root fibres as 
a long lasting depolarization of each unit. 


REFERENCES 
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The dorsal root potential in the frog. By Fwu Tarne Dun. 
(From the Physiological Laboratory, Cambridge) 

The potential change which occurs at two electrodes on a dorsal root 
when a volley of impulses enters the cord by the same or a neighbouring 
root is a prolonged negativity of the central electrode (see Fig. 1 A). 
This might result from changes in the neurons of the grey matter, or 


"> Fig. 1. Dorsal root potentials in the frog. Recording electrodes on root X, 1-5 and 10 mm. 
cs from cord. All other roots cut. Stimulating electrodes on sciatic nerve at 6 cm. in A 
and B, on root in C. Diphasic impulse potential followed by negativity of central 
electrode. A, Normal, 15°C. B, 8°C., centrifugal impulses occur on rising phase. 
C, Dorsal horn at point of entry of root cut off from rest of cord, 11°C. Time marks 
Ps sec, at foot. 1 cm. equals 2-3mV. 


4 free changes at the non-medullated terminations of the dorsal roo 
- fibres, thus either following or preceding synaptic transmission. The 


et 1 Research Fellow of the China Foundation for the Promotion of Education and 


following experiments were undertaken to see what part of the cord is 


Sa 
a 
™ 
| 
4 
>) 
om 
cas 
; 
y, 
x 
By 
ag 
a 
4 
+4 
oh 
‘2 
ye 
by 
4 
va 
x 
+ 
“ay 
‘a 
“T+ 
= 
2 4 
4 
av 
2 
:.. 
> 
Ny, 


42 P PROCEEDINGS OF THE PHYSIOLOGICAL 


necessary for their production. The cord was transected above and 
below the point of entry of the root, hemisected, and the dorsal horn 
and root cut away from the rest of the cord with a razor. 

This preparation, after washing with oxygenated Ringer, was found 
to give the same slow central potential as before isolation, no matter 
where the electrode was located on the central piece of tissue (see Fig. 1 C). 
The central part of the preparation becomes negative following an 
afferent volley. This appears to indicate that the central part of the root 
is depolarized during the slow negativity and is difficult to interpret in 
terms of a positivity occurring in the internuncial neurons. 

In the cat if the cord be cooled the dorsal root fibres are excited 
antidromically during the rising phase of the dorsal root potential 
[Barron & Matthews, 1938]. It appears that the same occurs in the frog 
at 8°C. and lower temperatures. A centripetal volley is followed by 
centrifugal impulses in the dorsal root as the dorsal root potential rises 
(see Fig. 1 B). 

Re-excitation of the dorsal root fibres can also be caused by other 
factors. It is seen after application of strychnine, and the slow potential 
is also prolonged. The phenomenon does not appear to occur in a freshly 
dissected well-oxygenated spinal cord, but has been seen sometimes in 
preparations at room temperature after low spinal transection. 

A preparation in nitrogen suffers gradual diminution of the dorsal 
root potential and recovery takes place on readmission of oxygen. No 
re-excitation of the dorsal root fibres is to be detected in nitrogen nor is 


there any apparent change in the shape of the potential. If its latency 


becomes greater the change is within the limits of experimental error. 
The latency of the dorsal root potential is not influenced by theintensity 
of stimulation. It increases, however, with the distance between the 
root in which it is recorded and the root stimulated. When stimulating 
the ipselateral 10th dorsal root at room temperature (12-16°C.) the 
average latency for the dorsal root potential in the 9th root is 8-4 msec., 
and 10-4 msec. in the 8th root. The average distance between the 8th 
and 9th dorsal roots is 2-4 mm. Thus the latency increases by 2 msec. 
in 2-4 mm. The potential in the root by which a volley enters overlaps 
the end of the central phase of the fibre action potential, and this appears 
to be somewhat prolonged; it is therefore impossible to measure the 
latency exactly. But it is certainly less than in neighbouring roots. 
The delay of the dorsal root potential in more distant roots might 
be due either to slow conduction in the cord (at 1-2 m./sec.) or to synaptic 
delays. Present evidence favours the former alternative and raises the 
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question whether some form of slowly conducted process may travel in 
the grey matter of the cord comparable to that seen in cortical grey 
matter [Adrian, 1936]. 
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The importance of carotid sinus and vago-sympathetic-aortic 
nerves in respiratory and circulatory responses of decerebrate 
cats to oxygen want. By J. J. Bovoxazrt, K. 8. Grimson and 
— (From the Department of Pharmacology, University of 

) 


The experiments of J. F. & C. Heymans [1927], C. Heymans, 
Bouckaert & Dautrebande [1930], Owen & Gessell [1931], Selladurai & _ 
Wright [1932], C. Heymans, Bouckaert, v. Euler & Dautrebande [1932], 
v. Euler & Laljestrand [1936], Jongbloed [1936], Comroe & Schmidt 
[1938], Bernthal [1938], Benzinger, Opitz & Schoedel [1938], Mertens 
[1938], and Lambert & Gellhorn [1938], indicate that the respiratory and 
vasomotor stimulation induced by oxygen want is in anaesthetized 
animals not of direct central origin. These experiments show that this 
stimulation is dependent upon the cardio-aortic and carotid sinus chemo- 
receptors. The objection has been made that the anaesthesia itself may 
be responsible for the failure of the centres to show evidence of direct 
stimulation during oxygen deficiency. It is difficult, however, to under- 
stand how an anaesthetic could act on the centres in such a way that 
direct stimulation could be prevented, and yet leave the reflex activity 
unchanged. 

Decharneux [1934] and Dautrebande [1937] have stated that oxygen 
want can stimulate the respiratory centre of unanaesthetized dogs 
chronically deprived of their carotid sinus and aortic-depressor nerves. 
In these experiments the dogs were deprived only of their carotid sinus 


and cervical cardio-aortic nerves, and the observations of Lambert & 


Gellhorn [1938] and of this laboratory showing that chemoreceptors from 
the cardio-aortic region may also run in the cervical vago-sympathetic — 
nerves are important in interpreting these results. J. J. Bouckaert, 
C. Heymans & Adli Samaan [1938] have shown that in unanaesthetized 
or decerebrate dogs with their carotid sinuses denervated and vago- 
sympathetic-aortic nerves cut, oxygen want induces not an increase but 
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rather a decrease in total ventilation and a fall of blood pressure. They 


- observed, however, that in the unanaesthetized dog with the brain intact 


the depression of respiration and blood pressure might be followed or 
interrupted by a secondary increase of total ventilation and of blood 
pressure related to psychomotor stimulation. 

F. Bremer [1937] has devised a technique for mesencephalic 
decerebration of cats with which animals can be kept in excellent 
condition. In our study this decerebration technique was employed to 
eliminate the effects of anaesthetic and the influence of the cerebrum. 
Eight cats were decerebrated in this manner under ether anaesthesia. 
Thirty to sixty minutes were allowed between the time of anaesthetic 
and decerebration and the time of the experiment. Inhalation of 7-11% 
oxygen in nitrogen was given for several minutes and found to stimulate 
respiration and produce slight changes of blood pressure. 

After denervation of the carotid sinuses and section of the vago- 
sympathetic-aortic nerves the same degree of oxygen want produced in 
all instances a depression of respiration sometimes resulting in a complete 
paralysis. The blood pressure usually became lower during the oxygen 
_ deficiency. Secondary delayed elevations of blood pressure were observed 
in two cats, but although in some instances the oxygen want was severe 
enough to kill the animal no secondary respiratory stimulation was 
observed. Experiments in which section of the ‘vago-sympathetic-aortic 
nerves and denervation of the carotid sinuses were done separately 
indicate that the carotid sinus is the most important in this reflex 
stimulation of respiration by hypoxaemia. | : 

These experiments confirm the conclusions of Selladurai & Wright 
[1932] using decerebrate cats, and support the other experiments referred 
to above by showing that the carotid sinus nerves and vago-sympathetic- 
aortic nerves are essential to respiratory stimulation by oxygen want. 
The secondary increase of pulmonary ventilation induced by hypoxaemia 
in unanaesthetized animals deprived of the carotid sinus nerves and 
vago-sympathetic-aortic nerves has thus to be related not to direct but 
_ to indirect excitation of the respiratory centre. This secondary stimu- 

lation is decreased or suppressed by anaesthesia or decerebration. _ 
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The onset of renal ischaemia hypertension induced by readily 


adjustable renal artery clamps. By K. 8. Grimson. (From the 
Department of Pharmacology, University of Ghent) 

Experimental hypertension following partial obstruction of the renal 

arteries has been described by Goldblatt, Lynch, Hanzal & Summerville 


[1934] and many others. The renal ischaemia produced by the Goldblatt 
clamp must be greatest at the time of application of the clamp and must 


be relatively diminished as collateral circulation develops and as the 
kidney decreases in size. Blood-pressure elevation does not seem to 
parallel the degree of ischaemia. Although present within a few days 
of the renal artery obstruction it is usually not marked before 1 or 
~ 2 weeks. This discrepancy between the time of greatest renal ischaemia 


and the time of marked blood-pressure elevation has frequently been 


3 a attributed to the depressing effect of the anaesthetic and the operation. 


Clamps have been devised that can be placed on the renal artery 


: through a small extraperitoneal lumbar incision under local anaesthesia 


and that may be subsequently easily adjusted without anaesthetic or 


a operative procedures. They may be applied and adjusted under sterile 


conditions. These clamps have been used to study the time of onset of 


| OS blood-pressure elevation and the maximum blood pressure obtainabl 
| by any adjustments in a short period of time. 


Six dogs were operated under local anaesthesia without aseptic 


: _ technique. They remained in good condition without serious infection 
for 24-48 hr. In two of them one kidney only was clamped and pro- 
; 2 gressively tightened. The average of their blood pressures was 132 mm. 
_ of mercury before operation, 147 in the first 2 hr. after operation, and 
166 at the end of 24 hr. In the other four dogs of this group both renal 
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arteries were clamped and progressively tightened. The average of control 
blood pressure was 120, the average in the first few hours after clamping 
was 150, and the average pressure 24 hr. after clamping was 165. 

Bradycardia and wave-like fluctuations of blood pressure were 
frequently observed associated with the pressure elevation. 

The effect of partially obstructing the renal arteries with a longer type 
of adjustable clamps was studied in four dogs under chloralosane 
anaesthesia. The average blood pressure before clamping was 155 mm. 
of mercury. Within 10 min. of the clamping a gradual elevation of blood 
pressure was observed. The blood pressure remained elevated during 
the 1 or 2 hr. that the obstruction was maintained. The average highest 
pressure was 178, or an average increase over the control level of 23 mm. 
After removing the clamps the pressure returned to the level of the 
period before clamping in about half an hour. The carotid sinus reflex 
elicited an average elevation of blood pressure of 57 mm. of mercury before 
renal ischaemia, 68 during ischaemia, and 52 after ischaemia. Cardiac 
irregularities were also observed during the period of pressure elevation. 

Verney & Vogt [1938] have referred to early blood-pressure elevations 
obtained by compression of the renal artery with a rubber unit. These 
experiments with a mechanically adjustable unit confirm their obser- 
vations and suggest that the principle of the renal ischaemia hyper- 
tension is active within 10 min. of the renal artery compression. Failure 
by any adjustment to obtain in 24 hr. marked hypertension together 
with the observation of increased carotid sinus reflexes, bradycardia, 
and cardiac irregularities suggest that the depressor mechanism through 
the carotid sinus and cardio-aortic depressor nerves is playing an 
important role. Blalock & Levy [1937], Goldblatt [1937] and Verney 
& Vogt [1938] have shown that in chronically hypertensive animals 
more than 6 hr. is required from the time of removal of the ischaemic 


_ kidney to the time of return of the blood pressure to normal. In our four 


experiments on anaesthetized dogs in which the hypertensive principle 
of the ischaemic kidney had been active only 1 or 2 hr. and in which 
a readjustment of the blood-pressure regulating mechanism to a very 
high level had not taken place, return of the blood _— to the 
control level was complete in about 30 min. 
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— The site of the stimulating action of several drugs upon the 


melanophore hormone secretion from the hypophysis of frogs. . 
By T. C. R. Suen. (From the Department of Pharmacology, Te 
of Ghent) 
In previous publications (Shen, 1937 a, 5] it has been shown that 
administration of dioxane derivatives, nicotine, yohimbine, barbiturates, 


q - ete., produces maximum darkening of the skin and reticulate expansion 


of the melanophores in normal, but not in hypophysectomized frogs. 
In later communications [Shen, 1938 a, b] we’ have shown that this 
melanophore-expanding effect is due to the stimulation of the hypo- 
physeal melanophore hormone secretion. It is however still not deter- 
mined whether these drugs act directly upon the hypophysis or indirectly 
through its innervations. 

Because of the close relationship between the hypophysis and the 
infundibulum in frogs separation of the one from the other is difficult. 
Various attempts such as previous section of the nervous connexions 
between the infundibulum and the hypophysis, previous destruction of 
the infundibuldt part by électric cauterization, introduction of minute 
amounts of drug solution by means of micro-injection, etc., have been 
tried. These methods have all been found inadequate. 

At the suggestion of Prof. C. Heymans, the nerve impulses from the 
infundibulum to the hypophysis were blocked by applying minute 
quantities of solutions of local anaesthetics to the hypophysis region. 


_ The melanophore-expanding effect was then tested by injecting appro- 


priate doses of the drugs subcutaneously. A series of seventy experiments 
have been performed with 15-30 g. frogs (Rana temporaria). The hypo- 
physis region was first carefully exposed, using a dentist’s drill. Three 
or four hours later the pale colour had returned and a small cotton 
tampon impregnated with 0-025c.c. of cocaine, novocaine, percaine 
(“Ciba”) or tutocaine (“Bayer”) solution was placed against the 
hypophysis and infundibulum region for 15-20 min. At the end of this 
interval appropriate doses of the examined drugs were administered 
subcutaneously. 
Direct application of a solution of 0-01-0-05 % percaine or 0-1- 
05% novocaine produced slight or moderate expansion of the 
melanophores. 15-20 min. later subcutaneous injection of yohimbine, 
corynanthine, or F933 was always followed by typical maximum 
melanophore expansion. Application of novocaine, etc., solution to the 
hypophysis for 15-20 min. followed by — of a mixed solution 
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of novocaine or percaine plus yohimbine or corynanthine also produced 
maximum melanophore expansion. | 

Direct application to the hypophysis of more concentrated solution 
(1% cocaine or tutocaine, 0-1% percaine, or 1-2% novocaine) was 
followed by maximal darkening of the skin and reticulate expansion of 
melanophores. This effect lasted from 3-4 hr. to 1-2 days and varied 
inversely with the room temperature. Reticulate expansion of melano- 
phores induced by direct application of local anaesthetics was abolished 
within 40-60 min. by subsequent hypophysectomy. These experiments 
show that the action of local anaesthetics upon the mobilization of the 
melanophore hormone from the hypophysis is comparable to that of the 
examined drugs previously used. 

The intense darkening of the skin and reticulate expansion of 
melanophores induced by appropriate doses of F 933, yohimbine, or 
barbital cannot be arrested either by direct application of 1°% novocaine 
or 0-05-0-1% percaine solution on the hypophysis region or by section 
of the head together with total removal of the infundibulum if the 
capillary circulation of the hypophysis is not disturbed. This shows that 
_ the dark colour response produced by the examined drugs is not eliminated 
after interruption of the nerve impulses from the hypothalamic region 
by local anaesthetics or by removing the infundibulum. 

The above experiments show (1) that application of local anaesthetics 
to the hypophysis region leads to an increased melanophore hormone 
secretion, and (2) that hypersecretion of the melanophore hormone as 
induced by barbiturates, yohimbine, corynanthine, etc., persists after 
blocking the nerve impulses by local anaesthetics or extirpation of the 
whole infundibulum. These results suggest that the drug has a stimulating 
action directly upon the hypophysis melanophore hormone secretion, 
this stimulation being independent of the central and peripheral 
hypophysis innervations or that it decreases or blocks an inhibitory 
nerve impulse upon the hypophysis and thereby leads to an — 
secretion of the melanophore hormone from the gland. 
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4 Factors affecting neuro-muscular transmission. By Epritu 
BUrerine and J. H. Burn. (From the Department of Pharmacology, 
Oxford) 


In carrying out experiments in which we perfused the muscles of the — 
~ dog’s hindleg by means of a Dale-Schuster pump, using defibrinated 
blood, we observed that the contractile response to stimulation of the 
motor roots gradually failed. This failure of the response to motor root 
stimulation was not accompanied by any failure of response to direct 
stimulation of the gastrocnemius. 

We were able to restore the response of the motor roots: 

(a) by adding adrenaline to the circulating blood to make a con- 
centration of 1 in 6 million; 

(6) by adding pituitary (posterior lobe) extract to make a con- 
centration of 1 unit in 400 c.c.; 

(c) by adding blood containing vasotonins; 

(d) by greatly increasing the blood flow through the muscles. 

The effects produced by adrenaline and by pituitary (posterior lobe) 
extract still occurred when a reservoir of blood at constant pressure was 
introduced on the arterial side of the system, so that the vasoconstriction 
produced in the vessels did not increase the perfusion pressure. 

We were unable to restore the response of the motor roots: 

(a) by adding cortical extract to the circulating blood; 

(6) by adding dextrose; — 

(c) by adding dextrose and insulin; 

(d) by adding sodium lactate. 


A new oxygenator for blood-perfused hearts. By R. A. Grecory.!. 
(From the Department of Physiology, University College, London) 


The oxygenator described below is cheap and efficient, has no moving 
parts and is airtight; it was designed to enable continuous measurements 
to be made of the oxygen usage of the isolated dog’s heart, by using it 
in place of the Drinker pattern oxygenator in Bogue & Gregory’s [1939] 
modification of the Evans, Grande & Hsu [1934] circuit. By incorporating 
the oxygenator in a closed circuit at constant temperature from which 
carbon dioxide is constantly absorbed, the rate of diminution in volume, 
i.e. the rate of oxygen usage of the heart, can then be recorded, as has 
often been done with the heart-lung preparation. 

1 Sharpey Scholar. 
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The arrangement consists of four oxygenators in parallel, each 
being a glass cylinder 5x60cm., closed at the upper end by a bung 
and fitted with a sealed glass core approximately 4x50cm. Blood 
enters each cylinder by a tube fitted with a screw-clip. The bung also 
carries a central tube which expands into a glass distributor (see diagram). 
This is of such diameter as to leave a clearance of about 0-5-1-0 mm. 
The gap becomes filled with blood, which is thereby spread evenly over 
the inner surface of the cylinder. This distributer should always be just 
covered with blood when in use. 


Diagram of airtight blood oxygenator (for dimensions see text). 


Blood passes from the cylinders into a single tubé, which contains 
a sharp bend so that a blood “trap” is formed, ane off the oxygenators 
from the air. 

Moist warm oxygen enters at the bottom of each cylinder and leaves 
through the centre of the distributor, being circulated by any airtight 
pump. Heat loss from the cylinders is prevented by —e them in 
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> a box lined by asbestos-felt-reinforced aluminium foil, which has been 
~~ found to be very efficient in a loss of heat from the cylinders 
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when in use. 


Iam indebted to Dr A. L. Chute and Prof. C. Lovatt Evans for their helpful suggestions 


and criticism, and to Dr @. P. Crowden for providing the reinforced foil. 


| REFERENCES 
Bogue, J. Y. & Gregory, R. A. [1939]. Quart. J. exp. Physiol. 20 (in the Press). 
Evans, C. L., Grande, F. & Hsu, F. Y. [1984]. Quart. J. exp. Physiol. 24, 283. 


Influence of Ca and P intake on tooth formation. By W. E. Gaunt 
and J. T. Irvine. (From the Rowett Research Institute, Aberdeen) 


_ Many investigations have shown that the histological appearance of 
teeth is altered by interference with the process of calcification, e.g. the 
predentin may be wider than normal. Downs [1932] showed that if 
the Ca: P ratio of a diet fed to rats was either abnormally high or low, 
the continually growing incisor teeth were poorly calcified. Unfortunately, 
Downs gave no figures for the actual Ca and P contents of his diets. 
Becks & Ryder [1931] and other workers have also shown that rachito- 
genic diets markedly interfere with tooth calcification. 

There is, however, no exact knowledge of the influence exercised on 
tooth calcification by diets of varying Ca and P contents and ratios 
under strictly controlled conditions. We have, therefore, fed rats on 
diets of known Ca and P content and ratio; the results in this com- 
munication deal with the groups on diets with a Ca: P ratio of 1. 

The basal diet contained 0-028°%% Ca and 0-066% P; from this four 
experimental diets were made. up by the addition of Ca lactate and 
Na,HPO,: diets nos. 1-4 contained respectively 0-08, 0-12, 0-20 and 
030% of Ca and P. Four groups of four male litter-mates were used, 
one rat in each group getting one of the four diets. The food intake in 
each group was restricted to that of the rat eating the least. The rats — 


were placed on the diets at weaning (23 days) and were housed in 


ee _ logically and the lower incisors and one femur, tibia and fibula were 


individual cages. 

Three groups were examined at 70 days of age and the fourth at 
49 days of age as the animal on the lowest Ca diet had to be killed. The 
animals were radiographed ; the upper incisors were examined histo- 
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examined chemically. The enamel was removed from the dentin by a 
flotation method [Hodge & Manley, 1936] and the ash contents of the 
dentin and the bones were determined by ignition. The results given in 
Table I show that with a Ca: P ratio of 1, only at a level of 0-3% of 
I, 70-day-old rats 
Final Total Caand P 


118 425 008 O-2111 32 00980 6763 38* 
3° It 2 06 39-73  0-0945 68-03 42* 
122 425 020 03056 5334 01075 70-00 18 
135 425 030 03958 57-98  0-1178 72-85 18 
1 101 443 008 01889 3919 00803 65-86 49* 
2 I 108 442 O12 02469 4849  0-0816 Lost 45* 

3 441 0:20 03026 55:55 01011 66-66 24 
4 128 442 030 04037 59-78 70-00 20 
1 118 384 #008 02072 4218 00810 68-93 41* 
2 It 92 382 O22 062173 50-12 68-05 43* 
3 Il 0 384 020 02738 6660 00951 71:36 27 
4: 


Ca and P in the diet were histologically sound teeth invariably produced ; 
at the two lowest levels of intake, the predentin was abnormally wide 
and vascular inclusions were present. Further, at lower levels of Ca 
and P intake, the teeth were undoubtedly formed at the expense of 
bone, since the bone ash values might be halved without any great effect 
upon the dentin ash, Examination of the X-ray films showed that none 
of the rats on the highest level of Ca and P intake had rickets and, 


therefore, the diet used was adequate for —— — that the 


Ca and P contents were sufficient. 


REFERENCES 
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‘The influence of low iodine diets upon the thyroid gland of rats. 


By J. T. Irvine and B. W. Simpson. (From the Rowelt Research 


Institute, Aberdeen) 


Remington and his co-workers (1933, 1936, 1937] have shown that 
the thyroid glands of rats placed on a diet low in iodine become abnormal 
in many respects: the iodine content is very small and the glands exhibit 
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marked hyperplastic changes. We have repeated Remington’s work, 
using a similar diet of the following percentage composition : 


Maize 75 
Casein, ashless 16 
‘Dried lambs’ liver 1 
Bemax 5 
Ca lactate 2 
NaCl 


1 
Two drops of radiostoleum twice weekly per rat. 


This diet contains 2-3 pg. of iodine per 100g. dry weight. __ 

A generation of rats has been studied on this diet (Group 1). Their 
parents were put on to the diet before being mated and the young were 
weaned at 21 days. Two males and two females were killed at fortnightly 
intervals after weaning and the thyroid glands dissected out and 
weighed; the iodine content was determined on one lobe, the other lobe 
© being examined histologically. At the same time, a control group of 
» rats (Group II) received the same diet with the daily addition of 506. 
of iodine as K10,.HIO,. 


I. Thyroid weight and content. Male rats 


Age after Body - Thyroid Todine 

weaning wt. Wee content 
Group weeks. g. mg. % 
I 0 25 9-1 None 
II 0 35 3 6-0 0-018 
I 2 70. 14-7 | 0-002 
II 2 61 44 0-053 
I 4 108 24-2 0-002 
II 4 106 80 - 0-054 
6 134 36-5 0-001 
II 6 146 10-8 0-051 
I 8 212 63-2 0-0003 
It 8 197 13-7... 0-108 

gee 10 - 260 78-9 0-0003 
I 10 224 13-5 0-115 
I 12 243 87-6 0-0006 
IT 12 255 13-9 _ 0-128 
I 231 108-0 0-0003 
I 14 - 280 13-0 0-202 


The results for the male rats, which are similar to those obtained for 
the females, are given in Table I. They indicate that, while in the control 
group the thyroids were of normal size and iodine content, in the 
experimental group the glands became abnormally large as the animals 
f grew, the iodine content being virtually nil at all ages. Histologically, 

~ the low iodine glands showed intense proliferation with many mitotic 
7 figures and little: or no colloid storage. In both groups the growth rates 
d2 
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and reproductive capacities were slightly and equally subnormal com- 
pared with stock animals. In all other respects the rats appeared 
normal; they did not have rickets or show any other sign of vitamin 
deficiency. | 

It is intended to use this diet in studying the metabolism of iodine. 


REFERENCES. 
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Action of adenine compounds on the frog’s intestine. ) By 
J. Raventés. (From the Department of Pharmacology, University of 
Edinburgh) | 


The inhibitory action of adenine compounds on plain muscle ha; 
been used by different authors as a test for adenine derivatives. Barsoum 
- & Gaddum [1935] used the relaxation of the fowl caecum as a test for 
adenosine and by this method concentrations of adenosine as low as 
1: 10 millions could be detected. 

The author tested several compounds of adenine on different tissues 
of the frog (Rana esculenta hungarica) and it was found that the first 
portion of the small intestine was the most sensitive to these compounds. 
A piece of frog’s intestine of 1 or 2 cm. in length was put in oxygenated 
Ringer at room temperature in a bath of 2-10c.c. capacity and the 
pendulum movements were recorded with a light lever with a magnifica- 
tion of about 20 times. The Ringer used in these experiments has the 
following composition: NaCl 6-5 g.; KCl 0-14 g.; CaCl, 0-12 g.; CO,NaH 
0-2 g.; glucose 2 g.; OH, 1000 c.c. Before any test was made the intestine 
was left in the bath for 2 hr. and during this time it reached its normal 
tonus. Small volumes of solutions of adenine compounds in Ringer were 
added to the bath and their effects measured by the relaxation produced 
during a certain time (5 or 10 min. as a rule). The sensitivity of the 
preparation increases during the first set of tests but it is possible to use 
the same preparation during the following 3 or 5 hr. without any great 
change in its sensitivity. 

Adenosine is the most active of these compounds and its threshold 
of activity is of the order of 1 : 500 millions, The relaxation produced 
by solutions of adenosine is proportional to the concentration and it is 
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possible to test a range of concentrations up to 100 times the threshold 
dose. 
Adenosine triphosphate is about 100 times less active than adenosine 
and adenylic acid has about 1/10 of the activity of adenosine. All these 
actions are reversible and after two changes of solution the intestine 
slowly reaches its original tonus. 

Adenine is practically inactive for it produces an inhibitory effect 
only with very high concentrations (1 : 10,000); at the same time it is 
a weak antagonist to the adenosine relaxation. The isolated frog’s 
intestine therefore provides a convenient method for estimation of 
adenosine. The chief disadvantage is that the tissue is very sluggish and 
the response is correspondingly slow. 


Adenine was obtained from Messrs Hoffman-La Roche, adenosine and adenylic acid 
from Messrs British Drug Houses, and Mr 8. Elsden of the Department of Physiology, 
University of Edinburgh, kindly prepared for me the adenosine triphosphate. 


REFERENCE 
Barsoum, G. 8. & Gaddum, J. H. [1935]. J. Physiol. 85, 1. 


Afferent impulses from the teeth. By Cart PrarrMann. 
(From the Physiological Laboratory, Cambridge) 


Impulses from the second division of the trigeminal nerve in the cat 
were recorded using a resistance-capacity amplifier, Matthews oscillo- 
graph and loud-speaker. The animal was anaesthetized with dial, the 
eye removed and the nerves supplying the incisor and canine teeth 
obtained on the floor of the orbit. : 

5. Touching the tooth with an insulated rod or calibrated hairs (threshold 
_ 2-3 g.) gave rise to a discharge of impulses, which was more intense the 
_ stronger the pressure applied. One or two large potential spikes occurred 
a at the moment of contact. With steady contact, these were followed by 
"a continuous but gradually decreasing irregular discharge which ceased 


when the stimulus was withdrawn, With intense maintained pressure a 


few fibres may continue to discharge for a short time after the cessation 
> of the stimulus. The initial potentials may be as much as twenty times 
’ . the voltage of the discharge to steady pressure and presumably represent 
* asingle synchronous volley in the nerve. 

George Henry Lewes student. 
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Furthermore, application of a vibrating tuning-fork or an electrically 
driven vibrator gives rise to large potentials which follow the frequency 
of the stimulus (Fig. 1). Again these are of greater voltage than those 
during steady pressure. The mere facts that the magnitude of the 
response falls off gradually after the beginning of the stimulus and 


~ 


Fig. 1. Read from the right. A. Application of steady pressure. Initial potential goes off 
the record. B. 500 cycles, beginning of response. C. Same as B, 8 sec. later. - 


that irregularities occur in the response at the higher frequencies, show 
these oscillatory discharges to be nervous in origin. After ‘crushing or 
narcotizing the nerve, this response is no longer present. It has been 
possible to obtain “frequency following” as high as 1500 c./sec., but 
irregularities began to appear after a quarter of a second. With lower 
frequencies (200 cycles) the response may follow the stimulus for lorg 
periods. These oscillatory discharges resemble those found by Echlin 
& Fessard [1938] from deep tissues. 

Many of the nerve endings responsible for the response to adttiaitical 
stimulation are situated in the alveolar periosteum since, after cauterizing 
the pulp and removing all but a small piece of the root, a vigorous 
response was obtained to pressure on this fragment. 

Following severe fracture of the tooth there may be a relatively small 
continuous discharge of impulses like those initiated by pressure. In 
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addition, however, a: second type of impulse, more. slowly conducted 
and usually diphasic in form, is to be observed. These slower impulses 
can be elicited alone by immersing the intact tooth in water at about 
one degree or at about 70° C. Estimations of conduction rate show these 


to have one-third to one-fifth the velocity of those impulses initiated 


by mechanical stimulation. This is in keeping with the results of Adrian 
[1932] and Zotterman [1937] who showed that the impulses called out 
by noxious stimuli are slowly conducted. 


REFERENCES 
Adrian, E. D. [1932]. The Mechanism of Nervous Action. Univ. Press. 


_ Echlin, F. & Fessard, A. [1938]. J. Physiol. 98, 312. 


Zotterman, Y. [1937]. Skand. Arch. Physiol. 75, 105. 


Cocarboxylase (vitamin B, diphosphate) in blood. By R. 8. 
GoopHart and H. M. Stnciarr. (From the Department of Biochemistry, 
Oxford) 


It is generally believed that vitamin B, must first be converted into 
its pyrophosphoric ester (cocarboxylase) before it acts as a specific 
catalyst necessary for the degradation of pyruvic acid. To estimate 
cocarboxylase in blood we have used the method of Ochoa .& Peters 
[1938]. Oxalated blood is added to a phosphate buffer (pH 6-2) con- 
taining magnesium, manganese and calcium ions, and is boiled; excess 
synthetic vitamin B, and alkaline-washed yeast (as a source of car- — 
boxylase) are added, and after a period of equilibrium in nitrogen at 
28° C. sodium pyruvate is added and the evolution of CO, is measured 
manometrically. By. comparing with a curve obtained with known 
amounts of cocarboxylase instead of blood, the amount in the blood is 
obtained. It has been shown by a different method that there is no free 
vitamin B, or cocarboxylase in blood; the compound is bound probably | 
to protein and is liberated by heating at 60° C. [Sinclair, 1938]. We have 
similarly found by this method that there is no cocarboxylase activity 
of blood unless it is heated. 

Tested by this method the following values (mean in yg./100 ml. + s.D.) 
have been obtained. 


Human (21) .. 7041-9 


Pigeon (5) 
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The cocarboxylase in the blood of the pigeons deficient in vitamin B, , 
which were all in opisthotonos, is significantly lower than the normal 
(the difference between the two means divided by the estimated standard 
error of this difference is 3-3), and is also very consistent; therefore it 
may be that symptoms of deficiency arise at a particular level of cocar- 
boxylase in the blood. The high value for normal pigeon blood suggested 
that the nucleated erythrocytes might play a part in the phosphorylation 
of the vitamin. — | : 

_ Meiklejohn [1937] stated that about 20% of the total vitamin B, in 
human blood was present in plasma; but since he used as anticoagulant 
a haemolytic concentration of potassium oxalate, his value may have 
been too high, Our results indicate that plasma contains practically no 
cocarboxylase, even after boiling or digesting with pepsin. In ox blood a 
leucocyte contains about 1500 times as much as an erythrocyte; in pigeon 
blood it is more equally distributed between the leucocytes and the 
erythrocytes. Tested by Schopfer’s method, blood from cases of myeloid 
leukaemia, of trichiniasis (with eosinophilia), of polycythaemia with 
leucocytosis, and of leucoerythroblastosis all gave a growth of the fungus 
greater than can be obtained with excess vitamin B,; two cases of 
lymphatic leukaemia gave normal values. Tested by the method here 
described, the cocarboxylase in the blood of a patient with myeloid 
leukaemia (354,000 leucocytes per c.mm.) was about eight times the 
normal, whereas a case of lymphatic leukaemia (228,000 leucocytes per 
c.mm.) gave a normal value. 7 

These results suggest that the nucleated blood cells may phosphorylate 
- vitamin B,. This can be shown if cells are incubated with vitamin B, in 
phosphate buffer (pH 6-2) at 38°C. . Blood from a pigeon deficient in 
vitamin B, contained 5 yg./100 ml. cocarboxylase before incubation, and 
19-5 wg. (which is about the average normal value for a pigeon) after 
incubation. Blood cells from normal pigeons or oxen do not convert 
added vitamin B, to cocarboxylase under these conditions, as they are 
already saturated; liver, spleen and heart muscle from normal cat and- 
rabbit behaved similarly. But the leucocyte layer (730,000 w.b.c. per 
c.mm.) of the blood from a patient with myeloid leukaemia contained 
124 »g./100 ml. before incubation and 174 ug. afterwards, whereas the 
leucocyte layer (360,000 w.b.c. per c.mm.) of blood from a patient 
with lymphatic leukaemia contained 17-5 ug./100 ml. and showed no 
synthesis. 

It seems, then, that nucleated blood cells that have originated in the 
bone marrow convert vitamin B, into cocarboxylase which is combined 


Ped. 
: 
che 
* 
a 
On 
d 
¥ 
A 
qi 
4 
4 
re 
4 
4a 
q 
if 
x 
4 
x 
4 
‘] 
> 
| 
wel 
a tie 
> 
HEC, 
4 
= 


SOCIETY, 11 MARCH 1939 59P 


probably with protein. Possibly this ability to phosphorylate the vitamin 
is common to'all nucleated cells and varies with the individual needs of 
the cell (cf. Ochoa & Peters [1938], Westenbrink & Goudsmit [1938)). 


REFERENCES 
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Acetylcholine block of the motor end-plate and electrical stimu- ) 
lation of nerve. By Fritz Bucutuat and J. Linpuarp. (From the 


Laboratory for the Theory of Gymnastics, University of Copenhagen) 


In former experiments [Buchthal & Lindhard, 1937], it could be 
shown that the motor end-plate of a lizard’s striated muscle fibre is 
especially sensitive to local application of acetylcholine, which produces — 
a short, rapid, tetanus-like contraction. Thereafter, however, the pre- 
paration is insensitive to application of a further dose of acetylcholine, 
while the response to direct electrical stimulation of the end-plate—i.e. 
indirect stimulation of the muscle fibre—is still retained. 

To localize this blocking action of acetylcholine it seemed important. 
to enquire whether electrical stimulation of the nerve at some distance 
from the end-plate would produce the same effect as direct stimulation 
of the end-plate when the latter is insensitive to acetylcholine. The 
«experimental technique for micro-application of acetylcholine and local 
stimulation of the end-plate was the same as described in our former note. 
' To avoid stimulus escape, the electrodes for stimulating the nerve were 
applied to the anterior roots of the spinal nerves. A second micro-pipette 
for application of potassium chloride [Wilson & Wright, 1937; Brown, 
1937] was mounted on a fourth arm of the micro-manipulator. The 
response was observed by two observers, using a double eyepiece. 

The threshold for a first application of acetylcholine was the same as 
found before: circ. 5 x 10-* ug. The preparation was insensitive to a second 
or further application of acetylcholine. The present experiments show 
that the acetylcholine-refractory end-plate is insensitive to the nerve impulse, 
while the response to direct electrical stimulation of the end-plate, as 
well as to direct stimulation of the muscle fibre, was still positive and 
unaltered. 


San Ae 
; 
a 4 
, 
Sy 
4 
ay 
PR 
4 
7° 
\ 
\ 
q 
va 
- 
} 
ig 
‘ 
ie 73 
q 
ag 
on 
3 
b> 
4 
B 
¥ 
/ 
| 
2 
q 
4 
a 
4 
1, 
* 4 
TH 
2 
2 
ad 
> 
« 


60 P PROCEEDINGS OF THE PHYSIOLOGICAL 


Local application of potassium chloride (threshold eire. 10-*yg,) to the 


motor end-plate produces a rapid tetanus-like contraction, while direct 
application to the fibre substance itself is ineffective. Very high con- 
centrations may produce contracture, however. The response to KC] is 
still retained, even after the end-plate has proved refractory to the nerve 
impulse and to acetylcholine. Only when the end-plate does not react 
to direct electrical stimulation is it insensitive to KCl. 

These observations may be explained by assuming two boundary 
faces in the end-plate, the one between the nerve ending proper and the 
sole, and the other between sole and fibre substance. The former may be 
blocked for acetylcholine and motor nerve impulses without affecting 
the latter, which can still transmit electrical or other chemical stimuli. 
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The recording of urine flow. By F. R. Winton. (From the 
Department of Pharmacology, University College, London) 


The “universal mains drop recorder” previously described [Winton, 
1936] serves its purpose, but shares with other drop recorders an 
important imperfection in recording the relatively high urine flow of 
dogs. There are two drawbacks to any system in which each drop signals 
_ @ line on the drum, (1) that adventitious irregularities due to ureter 
contraction, respiration, etc., complicate the picture of the performance 
of the kidney, and, more important, (2) that if the drum be moving 
slowly enough to show changes in urine flow not separated too far for 
ready. comparison, and slowly enough to include the record of an 
experiment of several hours duration on one paper, drops may succeed 
each other so quickly that the signals of adjacent ones are superimposed. 

Both these drawbacks are met by allowing only every fifth drop to 
score on the drum. This is easily achieved by connecting the “signal ” 
terminals of the original drop recorder to a high resistance electromagnet 
operating a ratchet which turns a drum designed to make or break 
contacts at suitable intervals along its circumference. In Messrs Palmer’s 
version the drum is arranged to give a choice of an impulse for every 
3, 5, or 10 drops, The output of the ® original drop recorder was designed 
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to be enough to work a signal but it is only enough to operate a ratchet 
when the mains supply voltage is favourable. An output about three 
times as great can, however, be obtained by using a more powerful 
triode, such as the Mazda PP3521, with appropriately modified re- 
sistances. Alternatively, the original instrument can operate a high 
resistance relay which controls a telephone selector switch. Obsolete 
but suitable patterns of relay and selector switch have been available 
for some years for a few shillings. 

The recording of urine flow is immensely more effective, especially 
for demonstration purposes, if the time interval between each fifth drop 
is recorded as the length of a vertical line on the drum. This is simply 
done by connecting the instrument described above to the drop-timer 
of Fleisch [1927] and Gaddum & Kwiatkowski [1938]. The whole 
apparatus for the purpose can: be obtained from Messrs C. F. Palmer. 

If the original drop recorder be modified by reversing its grid con- 
nexions so that the presence of the drop decreases the signal current 
instead of increasing it, a modification which is convenient when applied 
. directly to the drop-timer, trouble will arise due to electrolysis through 
the drop if the supply current is alternating. This can be obviated by 
connecting a 4 F. condenser with high insulation resistance in series 
-with the drop. 
| REFERENCES 
Fleisch, A. [1927]. Handb. biol. ArbMeth. 8, 905. 


Gaddum, J. H. & Kwiatkowski, H. [1938]. J. ae at 
Winton, F. R. [1936]. J. Physiol. 87, 20 P. 


Monophasic action potentials from undamaged nerve. By Orro 
H. Scumirr. (From the Department of Physiology, University College, 
London) 


By an electrical process of integration it is possible to reconstruct the 
true monophasic action potential from the small diphasic action potential 
obtained from two leads on the nerve less than a millimetre apart. Not 
only does this permit observation of the monophasic action potential 
without killing the nerve, but it also allows the potential to be measured 
where only a few millimetres of nerve are exposed. 

The integration device is simple electrically and is entirely automatic 
in its operation, the resulting potentials being read off on the screen of 
the cathode ray tube in the usual way. 
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Recording pointer-galvanometer, with photoelectric coupling 


and thermionic amplification, for muscle heat measurement. 


By A. C. Downtne, A. V. Hitt and O. H. Scumirr. (From the 
Department of Physiology, University College, London) | 

Recent measurements of muscle heat have been made by recording 
photographically the deflexions of a short period secondary galvano- 
meter excited by means of a photocell from the primary galvanometer 
connected to the muscle thermopile. | 

The present arrangement replaces the secondary galvanometer by an 
insensitive but quick (30 msec. period) direct writing instrument which 
records on a strip of paper either with ink or with a series of electric 
sparks provided by a small neon sign transformer. A differential gas- 
filled caesium phototube provides both the feedback current to quicken 
the primary galvanometer and the potential to excite the mains driven 


valve amplifier which provides the power and voltage amplification 


necessary to operate the rugged recorder. The amplifier is stabilized and 
rendered practically independent of mains fluctuations by the generous 
use of negative feedback and by the use of argon voltage stabilizers. 


The double function of the ocular muscles. 

By F. Epriper-Green 
_ The most important part in photography is the film, and a fresh film 
is required for each photograph. This is accomplished in the eye by the 
pressure caused by the contraction of the eye muscles. If a light be 


attached to a scale in a dark room and a point 3 ft. to the right be 


marked with a peg, and the light be looked at with one or both eyes 
for 1 or 2 sec. from a distance of 10 ft., and then the eyes be directed 
at the peg, it will be noticed that the negative after-image of the light 
is seen on the peg, but the positive after-image has rapidly passed it to 
the right. The eyes being directed towards the peg, it will be noticed 


that the positive after-image comes rapidly back towards the peg. The 


first part of the experiment I have described before, and it is evidently 
due to the contraction of the eye muscles pressing on the eye and moving 
the photochemical fluid, thus causing a separation of the positive and 
negative after-images. The second part of the experiment appears to 
be due to the cessation of the pressure on the eye causing the photo- 
chemical fluid to flow in the opposite direction. It should be noted that 
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the pressure is in ‘the opposite direction to the movement of the image; 
thus when the pressure is to the left the image moves to the right, cor- 
responding to the new position of the fluid in the retina. 


Transient relaxation of active muscle caused by quick loading. 


By Bernuarp Katz. (From the Department of Physiology, University — 
College, London) 


A sartorius muscle (English Rana temporaria, 0° C.) is stimulated and 
allowed to shorten some 15 mm. and to develop tension at this length. 
It is then loaded with a force greater than it can bear at this length, 
but less than the maximum isometric tension at resting length. If the 
force is suddenly applied, the muscle does not simply extend to a length 
at which its isometric tension is equal to the load, but relaxes rapidly 
well beyond it and then reshortens as in ordinary isotonic contraction. 
The temporary break of the contracted state depends neither on any 
inertia in the lever, nor on the interval between the moment of loading 
and the next electric shock; the contractile mechanism apparently can 
adjust itself only gradually to the higher tension. 


Cinéradiographic films illustrating normal respiration and arti- 
ficial respiration with the Bragg-Paul Pulsator. By P. M. T. 
Kerripez, R. W. Pavt, R. J., 8. J. and 8. R. Reynowps, and 


G. W. Tooxry. (From the Department of University 
College, London) 


The normal quiet respiratory movements of a healthy male and 
female will be shown, and also the movements observed when the depth 
of respiration was increased by the use of the Bragg-Paul Pulsator. The 
' movements in the latter case are similar to those observed in deep 
breathing of the subject, increased diaphragmatic movement being 
evident as well as increase in the costal excursion. 

In the films of the unassisted quiet breathing the usual pause at the 
end of expiration can be seen and measured. This is not evident in the 
artificial respiration films, when, however, a pause occurs between in- 
spiration and expiration. 

The original form of Bragg-Paul pulsator [ Paul, 1935] was eaalie 
improved in 1937, and it is the latter type that was used in these 
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experiments. In it the drive is by a constant-speed motor, respiration 
rates being adjustable, by a. simple mechanical device, between 13 and 
26 per min. The reducing gear is enclosed in an oil bath, and the working 
is silent; many other improvements, suggested by experience, have been 
embodied in the new model, which i is saumeuel | 


REFERENCE 
Paul, R. W. [1935]. Proc. Roy. Soc. Med. 28, 38-40. 
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